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Evidence  (i,  2,  3)  concerning  the  essentiality  of  free  amino  groups  for  the 
physiological  activity  of  mare  serum  hormone  and  of  prolan  is  not  in  agree- 
ment.  Some  workers  (i,  2)  base  their  deductions  upon  the  selective  inactiva¬ 
tion  by  ketene,  while  our  evidence  is  based  upon  the  formaldehyde  reaction.  In  an 
attempt  to  clarify  this  controversial  point,  the  study  has  been  extended  to  the 
nitrous  acid  reaction.  The  Berkeley  workers  stated  (2)  (unpublished  data)  that  mare 
serum  hormone  is  inactivated  quickly  (one-half  hour)  by  nitrous  acid  at  0°  C.,  whereas 
human  chorionic  gonadotropin  is  inactivated  very  slowly.  We  had  previously  re¬ 
ported  that  prolan  (4)  was  stable  to  i  hour  exposure  in  1/700  n  nitrous  acid  at  0°  C., 
and  mare  serum  hormone  (5)  was  stable  to  i  hour  exposure  in  1/30  n  nitrous  acid  at 
0°  C.  The  latter  hormone  was  inactivated  in  24  hours  by  i/io  n  nitrous  acid  at  room 
temperature.  Some  activity  of  sheep  pituitary  gonadotropin  (6)  was  recovered  by  ex¬ 
posure  to  an  excess  of  nitrous  acid  at  10°  C.  It  is  apparent  from  these  data  that  con¬ 
centration  of  nitrous  acid,  time,  and  temperature  may  be  deciding  factors.  In  the 
present  studies,  the  comparison  between  prolan  and  mare  serum  hormone  reaction  is 
made  under  identical  conditions  of  concentration  of  nitrous  acid,  temperature,  and 
time.  In  working  with  simple  aliphatic  amines  it  has  been  found  (7)  that  methyl  amine 
is  resistant  to  nitrous  acid  action  in  HCl  solution,  but  is  decomposed  in  acetic  acid. 
In  our  experiments,  nitrous  acid  was  prepared  both  by  neutraliang  NaN02  with  the 
theoretical  amount  of  HCl  or  by  adding  NaN02  to  an  excess  of  acetic  acid. 

EXPERIMENTAL  PROCEDURE 

In  all  experiments  an  aliquot  of  hormone  solution  was  exposed  to  the  same  condi¬ 
tions  of  temperature  and  acidity  as  the  nitrous  acid-treated  mixture.  This  control 
solution  was  used  for  a  simultaneous  assay  in  litter  mate  test  animals  as  a  basis  of 
comparison  for  the  activity  of  nitrous  acid-treated  material.  A  3  per  cent  concentra¬ 
tion  of  HO  Ac  was  used  to  control  acidity  for  o.i  n  HNO2  concentration  and  o.i 
N  HCl  was  used  to  control  0.5  n  HNO2  concentration.  In  the  experiments  in  which 
nitrite  was  added  to  acetic  acid,  the  same  concentration  of  acetic  acid  was  used  for 
the  control.  The  concentration  of  hormone  was  approximately  100  i.u.  of  prolan  or 
125  Cole  units  of  mare  serum  hormone  per  cc.'  At  the  end  of  the  reaction  time,  the 
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solution  was  diluted  with  water  cooled  below  2°  C.  and  an  excess  of  NaHCOs 
added.  Gaseous  decomposition  products  of  the  HNO2  were  swept  out  of  the  reaction 
mixture  by  the  CO2  hberated  and  unchanged  HNO2  was  reconverted  to  nitrite.  In 
some  experiments  NaNO*  was  added  to  the  control  solution  after  neutralization.  A 
control  for  prolan  was  also  run  by  a  simultaneous  assay  of  prolan  with  and  without 
0.5  N  sodium  nitrite  added  (29  +  1.4  mg.  ovaries  versus  29  +  1,5  mg.  ovaries.  Six  pairs 


Table  i.  Inactivation  of  prolan  and  equine  gonadotropin  by  nitrous  acid 


Experiment  number  and 
reaction  environment 

Pairs  or 
trios 
animals 
used 
per 
assay 

Ratio: 

control 

dose 

Mean'  Mean 

organ  organ 

wei^t  for  weight  for 
control  experimen- 
dose  tal  dose 

mg.  mg. 

Estimated 

recovery 

of 

hormone, 

% 

Correct 
assay 
range, 
95%  of 
triab, 

% 

1  experiment 
tal  dose 

Mare  serum 

I,  .IN  HNO2,  2°  C.,  I  hr. 

R* 

6  (0)’ 

I.O 

74±J 

59±3-o 

85 

12 

R 

12  (0) 

0.5 

33±i-o 

56+2.8 

75 

7 

a,  .5N  NaNOjin  5%  HOAc, 

R 

II  (0) 

0.5 

33+1-0 

24+0.6 

27 

11 

a”  C..  I  hr. 

3,  .5N  HNOi,  a°  C.,  I  hr. 

R 

6  (0) 

0.4 

29+1.5 

22+1.8 

15 

18 

4,  .5N NaNOjin 5% HOAc, 

R 

6  (0) 

0.15 

28±  1.8 

34±2.4 

30 

5 

25°  C.,  10  min. 

5,  .5N NaNOjin 5% HOAc, 

R 

6  (0) 

0.25 

28+1.8 

17+1.0 

8 

25°  C.,  20  min. 

1 

Prolan 

6,  .IN  HNO,  2“  C.,  1  hr. 

R 

6  (0) 

1.0 

40±2.3 

34±2.6 

70 

34 

1  0.5 

30±i.8 

34±a-6 

7,  .IN  HNOj,  2°  C.,  I  hr. 

R 

10  (uy 

1.0 

9J±?-5 

75±8.5 

55 

50 

8,  .5N  NaNOjin  5% HOAc, 

R 

6  (0) 

0.5 

4i±i-5 

40+1.8 

50 

12 

a“  C.,  I  hr. 

9,  .5N  NaNOjin  5%  HOAc, 

M' 

‘  10  (0) 

I.O 

27.0+1.2 

23.5+1.8 

75 

34 

2°  C.,  I  hr. 

M 

10  (0) 

0.5 

20.6±i.7 

23.5+1.8 

10,  .5N  HNOj,  2°  C.,  I  hr. 

R 

6  (0) 

I.O 

35±i-o 

28+ 1 . 9 

60 

20 

II,  .5NNaN(iin5%HOAc, 

R 

6  (0) 

1.0 

33+2.0 

23±t.5 

45 

25 

22°  C.,  10  min. 

12,  .5N NaNOjin  5% HOAc, 

R 

7  (0) 

I.O 

39+2.6 

28+1.3 

40 

26 

23.5°  C.,  20  min. 

13,  .5N NaNOjin  5% HOAc, 

M 

10  (0) 

0.5 

20. 6±  1.7 

19-3  +  0.9 

43 

14 

20°  C.,  20  min. 

0.25 

15.5+0.6 

19-3+0.9 

14,  .5N  NaNOjin  5%  HOAc, 

R 

10  (u) 

I.O 

83+7.0 

39+6.0 

65 

15 

24°  C.,  20  min. 

^  Mean  plus  standard  deviation  of  mean.  *  R  indicates  the  use  of  immature  female  rats.  '  0  indi' 
cates  assay  poformed  by  ascertaining  ovarian  weight.  *  u  indicates  assay  performed  by  ascertaining 
uterine  weight.  ‘  M  indicates  the  use  of  young  mature  mice. 


of  litter  mates).  In  the  experiments  in  which  the  reaction  took  place  at  room  tempera- 
ture,  the  nitrite  and  hormone  solutions  were  cooled  below  5°  C.,  mixed,  and  then 
placed  in  a  water  bath  at  room  temperature.  The  assay  procedures  using  the  immature 
rat  were  the  same  as  those  used  in  earlier  experiments  on  formaldehyde  inactivation 
(3).  The  assay  method  of  D’ Amour  and  D' Amour  based  on  uterine  weight  was  used 
for  prolan.  A  new  assay  procedure  for  prolan  based  on  ovarian  increase  in  young  ma¬ 
ture  virgin  mice  is  introduced. 

A  discussion  of  assay  pitfalls  and  the  significance  of  assay  data  has  been  given  (3) 
and  applies  equally  well  to  the  present  experiments.  In  the  last  column  of  table  1  is 
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given  the  percentage  (of  the  initial  activity,  not  the  recovered  activity)  within  which 
the  calculated  value  would  be  expected  to  fall  in  19  of  20  trials.  In  some  cases  this 
value  is  less  than  stated,  depending  upon  whether  the  deviation  is  plus  or  minus.  In 
some  experiments  in  which  the  deviation  is  large,  limiting  values  can  nevertheless  be 
definitely  established,  and  the  assay  is  of  value  in  this  respect  even  if  an  accurate 
range  of  potency  cannot  be  established. 

Analysis  of  data.  Experiment  i  definitely  establishes  the  recovery  of  70  per  cent 
of  the  activity  and  indicates  a  probability  of  even  greater  recovery  of  hormone.  Ex' 
periments  2  and  3  definitely  establish  the  destruction  of  60  per  cent  of  the  activity, 
and  the  recovery  of  10  per  cent  of  the  hormone  activity.  In  experiment  4,  the  recovery 
of  more  than  25  per  cent  of  hormone  is  indicated  and  in  experiment  5,  the  destruction 
of  more  than  25  per  cent  of  the  hormone  is  indicated.  In  experiments  6  and  7  the  error 
of  assay  is  large.  The  destruction  of  some  hormone  is  indicated.  In  experiments  8,  9, 
10,  and  II,  the  destruction  of  some  hormone  is  assured,  and  the  results  of  experiments 
8,  9,  and  10  indicate  that  at  least  40  per  cent  of  activity  survives.  Experiments  12, 13, 
and  14  are  a  comparison  of  three  different  assay  procedures  and  agree  within  the  error 
of  the  assay.  A  destruction  of  approximately  50  per  cent  of  activity  is  indicated. 

RESULTS 

The  recovery  of  75  per  cent  of  the  activity  of  mare  serum  hormone  on  exposure 
to  n/  10  nitrous  acid  for  i  hour  at  2°  C.  confirms  earlier  work  from  this  laboratory 
that  the  hormone  shows  a  marked  degree  of  stability  to  a  moderate  excess  of  nitrous 
acid  in  the  cold.  Prolan  under  the  same  conditions  behaves  in  a  similar  manner.  On 
increasing  the  nitrite  concentration,  which  also  increases  decomposition  products, 
the  mare  serum  hormone  and  prolan  do  not  show  the  same  degree  of  stability,  the 
mare  serum  hormone  being  less  stable. 

At  room  temperature  the  mare  serum  hormone  is  progressively  inactivated  by 
n/2  nitrite  concentration,  more  than  85  per  cent  being  destroyed  in  20  minutes. 
Under  the  same  conditions  prolan  retains  about  50  per  cent  of  its  activity. 

DISCUSSION 

Although  the  expression,  ‘destruction  of  activity,’  has  been  used  in  this  paper  it 
should  be  clearly  understood  that  such  destruction  does  not  necessarily  apply  to  the 
chemical  structure  responsible  for  the  gonadotropic  stimulation,  but  may  be  con- 
cemed  with  the  structure  responsible  for  resorption  and  excretion  properties  upon 
which  known  assay  procedures  are  so  largely  dependent. 

The  present  experiments  reconcile  any  apparent  discrepancies  in  statements  in 
regard  to  the  nitrite  reaction  which  have  appeared  from  the  laboratory  of  Evans  and 
from  this  laboratory.  Inactivation  of  mare  serum  hormone  by  nitrous  acid  is  largely 
dependent  upon  concentration,  temperature  and  time,  and  dependent  upon  these 
conditions,  is  either  stable  or  unstable. 

Amino  compounds  vary  greatly  in  the  ease  with  which  they  react  with  nitrous 
acid.  While  aromatic  amino  compounds  react  readily  at  low  temperatures  and  with 
moderate  excess  of  reagent,  information  regarding  amino  acid  and  protein  reaction  at 
low  temperatures  is  not  available.  At  room  temperature  these  compounds  are  at' 
tacked  with  side  reactions  and  destruction  of  other  groups  (8). 

The  recovery  of  approximately  50  per  cent  of  the  activity  of  prolan  under  the 
varied  conditions  imposed  in  these  experiments  would  indicate  that  the  amino  group 
is  not  essential  for  prolan  activity  or  is  very  resistant  to  the  action  of  nitrous  acid. 

The  results  for  the  mare  serum  hormone  neither  prove  nor  disprove  the  essen' 
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tiality  of  the  amino  group  for  mare  serum  hormone  activity,  and  parallel  the  experi' 
ence  with  insulin  that  the  nitrous  acid  reagent  cannot  be  used  to  establish  essentiality 
of  the  amino  structure  in  the  protein  hormones.  However,  the  reagent  has  shown  a  dif' 
ference  in  chemical  reactivity  between  prolan  and  mare  serum,  which  may  open  the 
way  to  more  specific  information  regarding  the  chemical  structure  of  the  hormones. 
In  conclusion  it  should  be  cited  that  insulin  is  resistant  to  nitrous  acid  concentration 
in  the  cold  and  at  room  temperature  although  the  amino  groups  are  attacked  to  some 
extent  (9).  The  destruction  of  appreciable  activity  requires  more  drastic  treatment 
than  was  used  in  the  present  experiments  (10).  The  non-essentiality  of  the  amino 
group  for  insulin  activity  has  been  established  (11). 

SUMMARY 

Both  prolan  and  pregnant  mare  serum  hormone  are  relatively  stable  to  o.i  n 
nitrous  acid  at  2°  C. 

At  2°  C.  and  in  0.5  n  nitrite  concentration  (as  nitrous  acid  or  in  5  per  cent  acetic 
acid),  mare  serum  hormone  is  less  stable  than  is  prolan. 

At  room  temperature  mare  serum  hormone  is  progressively  inactivated  by  ex¬ 
posure  to  nitrite-acetic  acid,  under  conditions  in  which  prolan  retains  about  half  its 
original  activity. 

While  failing  to  establish  the  essentiaUty  or  non-essentiality  of  the  amino  group 
for  physiologic  activity,  the  behavior  of  the  two  hormones  to  nitrous  acid  has  es¬ 
tablished  a  characteristic  difference  in  chemical  reactivity. 
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BIOLOGICAL  ASSAYS  OF  THE  MALE  CHICKEN 
PITUITARY  FOR  GONADOTROPIC  POTENCY 
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From  the  Bureau  of  Animal  Industry,  United  States  De- 
partment  of  Agriculture,  Beltsville  Research  Center 

BELTSVILLE,  MARYLAND 

IN  CONNECTION  WITH  investigations  of  the  endocrine  physiology  of  domestic  fowl 
it  appeared  essential  to  determine  quantitatively  the  gonad'Stimulating  potency 
of  the  anterior  pituitary.  Routine  classification  of  all  glands  with  respect  to 
breed,  sex,  age,  and  reproductive  condition  of  the  donors  frequently  resulted  in  a 
limited  quantity  of  anterior  pituitary  substance.  The  immediate  purpose  of  the  pres¬ 
ent  investigation  was,  therefore,  to  elucidate  a  method  suitable  for  the  assay  of  small 
quantities  of  material.  Pituitaries  from  males  have  been  used  exclusively  since  larger 
numbers  were  available  and  they  have  been  found  to  have  a  higher  gonad-stimulating 
activity  than  pituitaries  from  females  (i).  The  results  permit  an  analysis  of  the  male 
chicken  pituitary  type  and  a  determination  of  the  gonadotropic  potency  of  male  glands 
from  several  different  breeds  of  birds.  The  determinations  also  provide  a  base  of  refer¬ 
ence  for  comparison  of  potencies  of  glands  from  the  female  and  from  birds  subjected 
to  various  experimental  treatments. 

Domm  (2)  made  homeoplastic  hypophyseal  implants  into  cockerels,  22  to  86  days  of 
age,  and  observed  hypertrophy  of  the  testes  in  birds  receiving  from  19  to  28  daily  implants. 
Turkey  and  cockerel  pituitaries  were  found  to  stimulate  the  day-old-chick  testis  by  Byerly, 
et  al.  (3),  as  did  male  chick  pituitaries  (4).  Jaap  (5)  demonstrated  an  increase  in  the  weight 
of  both  chick  and  duckling  testes  following  the  injection  of  drake  pituitary.  Testicular  stimu¬ 
lation  in  immature  ring  doves  was  found  by  Riddle  and  Schooley  (6)  following  implants  of 
dove  and  pigeon  pituitaries. 

Although  the  negative  effect  of  5  pigeon  pituitaries  on  the  17-day-old  mouse  was  re¬ 
ported  by  Smith  and  Engle  (7),  later  workers  have  found  the  bird  pituitary  capable  of  gonad 
stimulation  in  the  immature  female  mammal.  Lipschiitz,  Kallas  and  Wilckens  (8),  employing 
doses  of  6  to  12  pigeon  pituitaries,  obtained  a  slight  gonad  response  in  the  immature  mouse. 
Zavadovsky  (9)  reported  gonadal  stimulation  in  the  mouse  following  treatment  with  a  single 
chicken  pituitary.  Benoit  (10)  obtained  precocious  sexual  development  in  the  immature 
female  mouse  with  pituitaries  from  sexually  mature  drakes.  Witschi,  Stanley  and  Riley  (11) 
found  that  10  mg.  of  acetone-dried  hypophyses  from  male  and  female  turkeys  initiated  de¬ 
velopment  of  the  immature  rat  vaginal  epithelium,  full  comification  occurring  at  the  25  mg. 
dosage  level.  Leonard  (12)  obtained  follicular  growth  accompanied  by  estrous  changes  in  the 
immature  rat  (30  days  old)  with  acetone-dried  chicken  pituitaries  at  a  dose  level  of  20  mg. 
or  greater.  Using  the  normal  immature  rat,  as  well  as  the  hypophysectomized  rat,  Meyer  et  al. 
(i)  injected  dosages  from  50  to  900  mg.  (weight  of  frozen  tissues)  of  male  and  female  chicken 
pituitaries. 

The  relatively  large  amount  of  avian  anterior  pituitary  material,  in  proportion  to 
the  size  of  the  glands,  which  is  required  to  ehcit  a  response  in  the  immature  rat  makes 
the  use  of  this  animal  impractical.  In  the  present  study,  the  authors  availed  themselves 
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of  the  use  of  immature  mice  from  an  inbred  Swiss  strain.^  The  relatively  high  degree 
of  responsiveness  of  this  test  animal  makes  possible  the  utilization  of  relatively  small 
amounts  of  pituitary  substance. 

MATERIALS  AND  METHODS 

In  the  fall  of  1939,  cockerels  of  4  different  breeds,  7  to  8  months  old,  were  avaih 
able  for  the  collection  of  anterior  pituitary  material  and  complete  autopsy  examina- 
tion.  The  breeds  represented  were  Rhode  Island  Red,  White  Leghorn,  White  Wyan¬ 
dotte,  and  also  a  Columbian  patterned  breed.  A  fifth  group  of  pituitaries  was  obtained 
in  July,  1940,  from  ly-monthold  crossbred  males;  these  birds  were  from  various 
crosses  in  which  the  Black  Sumatra  was  the  single  common  ancestor.  The  breeding 
and  environmental  histories  of  all  birds  were  known.* 

The  anterior  pituitaries  were  dissected  from  the  heads  a  few  minutes  after  the 
death  of  the  birds.  Since  considerable  variation  in  testis  size  was  observed  in  the  sev¬ 
eral  groups  of  males,  the  pituitary  glands  were  classified  in  relation  to  the  gonadal 
weights  of  the  donors.  The  greatest  number  of  birds  had  testes  ranging  in  weight 
from  10  to  25  gm.  and  the  pituitaries  from  such  birds  were  used  in  the  present  investi¬ 
gation. 

Following  removal,  the  glands  were  acetone-dried,  pulverized  and  stored  at  a 
temperature  slightly  above  freezing.  For  injection,  the  desired  amount  of  powder  was 
suspended  in  1.5  cc.  of  distilled  water.  Female  mice,  21  days  old  and  weighing  be¬ 
tween  7.5  and  II  gm.,  were  injected  subcutaneously  twice  daily  (0.25  cc.  per  injec¬ 
tion)  for  3  days  and  autopsied  24  to  26  hours  after  the  final  injection.  The  total  ehpsed 
interval  between  the  first  injection  and  autopsy  was  uniformly  89  to  92  hours. 

The  ovaries,  dissected  free  from  the  ovarian  capsule,  and  the  uteri  freed  of  adher¬ 
ing  mesenteries  under  a  dissecting  microscope,  were  weighed  on  a  quantitative  bal¬ 
ance.  One  ovary  and  a  segment  of  uterus  and  vagina  from  each  injected  and  control 
mouse  were  sectioned  for  histological  examination.  The  assays  of  chicken  pituitary, 
using  the  21-day-old  rat  of  the  Wistar  strain,  were  conducted  in  a  manner  similar  to 
that  described  for  the  mouse. 

For  assays  of  luteinizing  hormone  (LH)  the  desired  amount  of  pituitary  powder 
was  suspended  in  0.2  cc.  of  distilled  water.  Female  African  weaver  finches  with 
breast  feathers  of  one  side  deplumed  5  days  previous  to  treatment  were  injected  intra¬ 
muscularly  once  daily  (o.i  cc.  per  injection)  for  two  days.  The  appearance  of  black 
pigment  in  regenerating  breast  feathers  was  used  as  an  indication  of  LH  (13).  A 
weaver  finch  unit  (w.f.u.)  is  defined  as  the  smallest  amount  of  powder  which  produces 
a  black  bar  on  the  regenerating  feather. 

RESULTS 

Gonadotropic  assays  on  the  mouse.  The  original  intention  was  to  choose  a  unit  of 
gonadotropic  activity  based  upon  the  reaction  of  the  vaginal  epithelium.  For  this 
purpose  the  histological  changes  of  the  vagina  were  divided  into  4  stages,  representing 
different  degrees  of  keratinization.  At  stage  i  a  thin  line  of  comified  epithelium, 
usually  not  continuous,  can  be  detected,  the  cells  in  the  lumen  of  the  vagina  being 
leucocytes.  Stage  2  shows  a  thickening  of  the  comified  hyer,  but  the  superficial 
columnar  or  cuboidal  epithelium  is  still  present.  Both  leucocytes  and  nucleated  epi- 

^  White  mice  from  the  S-strain  (Swiss)  maintained  by  the  Animal  Husbandry  Division,  U.  S.  De¬ 
partment  of  Amculture,  Beltsville  Research  Center.  They  were  obtained  through  the  cooperation  of  Dr. 
O.  N.  Eaton  of  the  Section  of  Genetics  Investigations. 

*  We  wish  to  acknowledge  our  indebtedness  to  Dr.  C.  W.  Knox  for  making  available  to  us  all  birds 
surplus  to  breeding  investigations  as  well  as  the  complete  records  of  their  reproductive  performance. 
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thelial  cells  are  present  in  the  vaginal  canal.  Stage  3  represents  the  attainment  of  full 
cornification.  The  cells  free  in  the  lumen  may  consist  of  nonkeratinized  epithelial  cells 
and  comified  cells  or  either  of  these  types  alone.  A  more  advanced  reaction  resulting 
in  a  complete  sloughing  of  the  keratinized  surface  layer  was  designated  as  Stage  4. 
Reactions  typical  of  these  stages  are  illustrated  in  figures  i  to  4. 

The  use  of  vaginal  stage  3  in  the  rat  as  an  endpoint  in  the  determination  of  a  unit 
of  gonadotropic  acitivity  had  previously  proven  very  satisfactory  in  assaying  human 
pituitary  powders  (14)  and  unfractionated  powders  from  numerous  other  species  (13). 
However,  since  it  was  the  desire  to  use  as  small  a  unit  as  possible,  the  practicability 
of  using  one  of  the  earlier  stages  was  investigated.  Stage  r,  though  very  decisive,  is  too 


Fig.  1-4.  Four  stages  of  cornification  of  the  vaginal  epithelium  in  the  immature  mouse.  Fig. 
I.  Stage  I  reaction  following  injection  of  0.4  mg.  of  male  Columbian  anterior  pituitary  powder.  Fig.  2. 
Stage  2  vaginal  reaction;  mouse  receiv  ed  0.4  mg.  of  male  Rhode  Island  Red  anterior  pituitary  powder.  Fig. 
j  and  4.  Stages  3  and  4  resulting  from  injections  of  i.o  and  j.o  mg.,  respectively,  of  male  White  Leghorn 
anterior  pituitary. 

transient  to  be  of  practical  use.  The  total  dose  resulting  in  a  stage  2  reaction  of  the 
vagina  of  50  per  cent  of  injected  animals  (mouse  vaginal  unit)  was  finally  considered 
a  useful  unit.  It  was  early  observed  that  this  unit  was  approximately  comparable  to 
the  mouse  uterine  unit  (m.u.u.)  described  by  Levin  and  Tyndale  (15).  These  authors 
found  that  a  unit  based  upon  the  smallest  amount  of  material  which  produced  100  to 
1  ^o  per  cent  increase  in  average  weight  of  uteri  of  injected  animals  over  that  of  the 
weight  of  the  uteri  of  control  mice  was  efficient  in  the  assay  of  urine  preparations  of 
ovariectomized  and  postmenopausal  women.  This  unit  is  now  being  used  routinely, 
supplemented  by  histological  examination  of  the  ovaries,  uteri  and  vaginal  epithelia 
of  representative  assay  animals. 

The  relative  gonadotropic  effectiveness  of  male  chicken  pituitaries,  as  reflected  in 
ovarian  weight,  vaginal  patency  and  histology  and  uterine  hypertrophy,  is  given  in 
table  I.  The  amount  of  powder  equivalent  to  i  m.u.u.  for  the  five  different  groups  of 
birds  is  0.3  mg.  for  the  crossbreds,  0.4  mg.  for  Rhode  Island  Reds  and  White  Leg- 
horns,  an  estimated  0.4  mg.  for  Columbians,  and  0.5  mg.  for  Wyandottes. 

While  the  magnitude  of  difference  between  the  values  of  the  m.u.u.  for  the  sev' 
eral  pituitary  powders  is  not  great,  a  full  consideration  of  the  data  of  table  i  suggests 
the  possibility  of  true  potency  differentials.  At  all  comparable  dosage  levels,  the 
pituitary  powder  from  the  crossbred  birds  was  more  effective  than  any  of  the  other 
powders,  that  from  the  Wyandottes  was  least  effective,  and  those  from  the  White 
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Leghorns,  Rhode  Island  Reds  and  Columbians  were  intermediate  in  effectiveness.  Ah 
though  0.4  mg.  of  anterior  pituitary  powder  from  Columbians  did  not  produce  a  100 
per  cent  increase  in  the  average  weight  of  uteri,  comihcation  of  the  vaginal  epithelium 
was  exhibited  in  five  of  the  six  mice  injected  at  this  dosage  level.  This  response  is  de- 


Fig.  5.  Dose-respwnse  curve  of  two  powders  of  anterior  pituitary  glands  from  male  fowl.  A,  cross¬ 
bred  birds;  B,  White  Wyandottes.  The  dotted  line  at  7.5  mg.  indicates  average  weight  of  control  uteri. 
The  M.u.u.  falls  between  15.0  and  18.75  mg.  levels. 

cidedly  greater  than  that  elicited  by  a  comparable  amount  of  pituitary  powder  from 
Wyandottes  and  compares  well  with  that  given  by  pituitary  powders  from  White 
Leghorns  and  Rhode  Island  Reds.  Similar  degrees  of  response  elicited  at  the  0.5  mg. 
dosage  level  afford  further  justification  for  considering  the  potency  of  pituitaries  from 
Columbians  comparable  to  that  of  glands  from  White  Leghorns  and  Rhode  Island 
Reds. 


Fig.  6.  Color  reactions  in  breast  feathers  of  the  female  weaver  finch  indicating  presence  of 
LH.  a.  Control  feather  from  an  untreated  female;  b  to  d,  feathers  from  females  injected  with  the  following 
amounts  of  anterior  pituitary  powder:  b,  i.o  mg.  from  male  Rhode  Island  Red,  positive  reaction;  c,  0.5 
mg.  from  male  White  Leghorn,  negative  reaction;  d.  1.0  mg.  from  male  White  Leghorn,  positive  reaction. 

In  considering  the  effects  of  the  pituitaries  from  the  crossbred  birds  it  should  be 
recalled  that  these  were  7  to  8  months  older  at  autopsy  than  were  the  birds  of  the 
other  four  groups.  Furthermore,  the  pituitaries  from  the  crossbred  fowls,  for  reasons 
we  have  been  unable  to  explain,  became  hard,  resin-like  pellets  on  drying  and  were 
pulverized  with  difficulty.  It  is  possible  that  the  physical  nature  of  this  powder  re¬ 
sulted  in  slower  absorption  with  a  consequent  increase  in  effectiveness. 

The  determination  of  possible  breed  differences  in  gonadotropic  potency  is  com¬ 
plicated  by  the  fact  that  the  value  of  the  unit  may  vary  somewhat  for  different  lots  of 


April,  1941 


GONADOTROPIN  CONTENT  OF  HYPOPHYSIS 


pituitaries  from  males  of  the  same  breed.  For  example,  assays  on  two  lots  of  pituitaries 
from  Rhode  Island  Reds  (not  included  in  table  i)  indicated  a  M.u.u.  equivalent  to  0.5 
mg.  of  powder.  The  gonadal  condition  of  these  birds  was  similar  to  that  of  the  original 
group  of  Rhode  Island  Reds,  but  the  birds  differed  somewhat  with  respect  to  age  and 
time  of  autopsy.  When  the  total  gonadotropic  content  of  the  anterior  pituitary  of  the 
several  breeds  is  considered  (table  i),  more  distinct  differences  appear.  The  number  of 
mouse  uterine  units  per  gland  is  6.5  for  the  crossbreds,  5.0  for  White  Leghorns,  4.5 
for  Rhode  Island  Reds  and  Columbians  and  3.0  for  White  Wyandottes.  It  is  possible 

Table  1.  Effects  produced  in  immature  female  mice  by  injections  of  male  chicken  pituitary  powders 


Treatment 

No. 

of 

mice 

No. 

with 

patent 

vagina 

Average 

ovarian 

weight^ 

Average 

uterine 

weight* 

No.  with  vaginal 
epithelium  at  stage 

mg.  01 
M.u.u. 

Average 
weight  of 
anterior 
pituitary* 

Source  of 
pituitary  powder 

Amount 

0 

X 

1 

3 

4 

IBM 

mg. 

mg. 

mg. 

18 

0 

3.8 

7-3 

18 

0.15 

mm 

1 

4.1 

I3.» 

I 

1 

3 

0.30 

4 

5.0 

17.7 

4 

1 

3 

Crossbred, 

0.40 

1 

4.7 

IQ.l 

4 

0.3 

1.93 

10-15  gm.  testes 

0.50 

1 

5.x 

14.9 

X 

1 

3 

(41) 

1.00 

1 

4.5 

33.6 

1 

1.00 

1 

8.0 

44.0 

X 

3.00 

1 

6.9 

34.0 

3 

0.30 

SB 

0 

3. a 

7-1 

4 

Rhode  Island  Red, 

O.JI 

8 

I 

3.7 

10.1 

5 

1 

I 

0.4 

X.84 

IO-J5  gm.  testes 

0.40 

8 

4 

4.8(7) 

18.3  (7) 

3 

5 

(11) 

0.50 

6 

4 

4.1 

19.8(3) 

X 

4 

1 

1.00 

8 

6 

4.3 

— 

1 

4 

3 

0.30 

6 

1 

3-8 

11.5 

1 

t 

3 

White  Leghorn, 

0-15 

6 

1 

3-5 

10.6(3) 

4 

1 

I 

10-15  gm.  testes 

0.40 

6 

5 

5.5 

19.8(3) 

I 

1 

4 

0.4 

X.99 

0.  50 

8 

7 

5.0 

18.9(6) 

I 

5 

1 

(93) 

1.00 

5 

4.8 

»9  .i  (1) 

3 

1 

0.30 

6 

1 

4.t 

11.0 

T 

0.40 

6 

1 

4.6 

11.4(4) 

1 

1 

Columbian, 

0.50 

6 

1 

4.9 

11.8(3) 

4 

1 

E0.4 

1.80 

10-15  BIS'  testes 

1.00 

1 

1 

6.4 

— 

1 

(16) 

1.00 

1 

1 

— 

1 

3.00 

1 

1 

7.6 

1 

0.40 

4 

0 

4.4 

IX. 0 

3 

X 

0.50 

6 

1 

5.0 

15.1 

3 

3 

0.3 

X.50 

White  Wyandotte, 

0.80 

} 

1 

3-3 

10.1  (l) 

3 

(38) 

xo-15  gm.  testes 

1.00 

3 

1 

6.1 

— 

3 

1.00 

1 

1 

8.3 

— 

1 

3.00 

1 

1 

6.7 

— 

X 

X 

^  Numbers  in  parentheses  indicate  the  number  of  animals  represented  in  average  value. 

*  Numbers  in  parentheses  indicate  the  number  of  glands. 

*  To  the  nearest  o.  5  unit. 

The  letter  E  preceding  the  m.u.u.  indicates  an  estimated  value. 


that  a  refinement  of  procedures  and  the  accumulation  of  additional  data  may  indicate 
more  conclusively  the  existence  or  nonexistence  of  breed  differences. 

The  dosage  of  male  chicken  pituitary  equivalent  to  the  m.u.u.  is,  roughly,  the 
minimal  amount  required  to  produce  vaginal  comification  and  patency  of  50  per  cent 
of  the  injected  animals  and  results  in  approximately  a  30  per  cent  increase  in  ovarian 
weight  over  that  of  the  average  weight  of  ovaries  from  control  mice.  At  this  level, 
the  histology  of  the  ovary  appears  unchanged.  The  increase  in  the  weight  of  the  uteri 
at  all  dosage  levels  is  due  to  a  thickening  of  the  uterine  walls  without  distention. 

While  the  M.u.u.  is  a  relatively  small  unit,  it  appears  to  fall  within  the  range  of 
application  of  the  convenient  formula  y  =  b  log  %,  where  y  is  the  weight  of  the  uterus 
and  X  is  the  dose.  Over  the  range  that  this  relationship  holds,  a  straight  line  results 
when  response  is  plotted  against  the  logarithm  of  the  dose.  Data  for  two  groups  of 
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birds  are  plotted  in  text  figure  5.  Curve  A  (solid  discs)  is  the  dose/response  curve  for 
anterior  pituitary  powder  from  the  crossbred  males;  curve  B  (circles)  gives  the  similar 
relation  for  the  anterior  pituitary  preparation  of  White  Wyandottes.  The  range  cov¬ 
ered  by  the  m.u.u.  as  defined  in  this  paper  falls  between  the  15.0  and  18.75  mg.  levels, 
the  average  weight  of  control  uteri  being  7.5  mg.  The  response  to  the  pituitaries  of 
crossbred  birds  reaches  a  peak  somewhere  in  the  neighborhood  of  the  2.0  mg.  level 
and  then  declines.  This  deviation  occurs,  however,  far  beyond  the  range  of  response 
required  by  the  m.u.u.  It  is  of  greater  interest  that  the  m.u.u.  as  defined  here  appears 
to  fall  on  the  straight  line  response/logarithm  dose  curve;  the  m.u.u.,  that  is,  is  above 


Table  2.  Effects  produced  in  immature  female  rats  by  injections  of  male  rhode  island  red  (r.i.r.) 

AND  WHITE  LEGHORN  (w.L.)  ANTERIOR  PITUITARY  POWDERS 


Treatment 

No.  of 

Ovary 

Vagina 

Uterus 

I 

Type  of 
powder 

Amount 

Rats 

Weight 

Hist. 

Stage 

Smear 

Weight  1 

1 

Condition 

mg. 

mg. 

mg. 

None 

5 

II. 8 

0 

14.9 

8 

R.  I.  R. 

0.5 

2 

15-9 

0 

II. 2 

8 

R.  I.  R. 

I.O 

2 

14-4 

0 

15-5 

8 

R.  I.  R. 

J-0 

I 

16.  j 

0 

13-7 

8 

R.  I.  R. 

10. 0 

1 

28.1 

F 

J 

a-3 

59.8 

th 

R.  I.  R. 

20.0 

1 

46.6 

FL 

3 

3 

43-7 

th 

W.  L. 

2.0 

2 

15.6 

0 

17.7 

8 

W.  L. 

5-0 

1 

18.2 

0 

16.5 

8 

W.  L. 

5.0 

1 

16.0 

f 

0 

13-1 

s.th 

s  refers  to  a  small  uterus;  s.  th,  to  a  slightly  thickened  uterus;  and  th  to  a  thick  walled  uterus;  /,  to 
shghtly  stimulated  follicles;  f  to  high  degree  of  follicle  stimulation  and  l  to  luteinization. 


the  expected  deviation  at  minimal  dose  levels.  For  a  further  discussion  of  the  hmita- 
tions  of  this  type  of  curve,  see  Emmens  (16). 

The  results  obtained  in  these  assays  of  male  chicken  pituitaries  indicate  that  the 
uterine  response  of  the  immature  mouse  is  an  efficient  index  of  the  gonad-stimulating 
potencies  of  unfractionated  chicken  pituitary  preparations,  reflecting  relatively  small 
dosage  differences. 

Assays  on  rats.  Since  other  workers  had  used  immature  rats  in  their  studies  of  the 
gonad-stimulating  activity  of  the  chicken  pituitary,  it  was  considered  desirable  to 
test  the  powders  on  this  assay  animal.  Because  of  a  hmited  supply  of  material  only  a 
few  tests  were  made.  The  results  are  presented  in  table  2.  Full  comification  of  the 
vaginal  epithehum  was  attained  in  the  rat  receiving  10  mg.  of  pituitary  powder  from 
Rhode  Island  Red  males.  At  this  level  the  ovaries  showed  extensive  follicle  stimula¬ 
tion.  At  no  dosage  did  the  uterus  give  a  typical  estrous  response  characterized  by  dis¬ 
tention.  A  rat  vaginal  unit  (r.v.u.)  of  male  chicken  pituitary  appears  to  be  approxi¬ 
mately  10  mg. 

Assays  on  the  weaver  finch.  The  darkening  of  the  growing  feather  of  the  African 
weaver  finch  under  the  influence  of  the  luteinizing  hormone  (LH)  and  the  use  of  this 
reaction  in  the  biological  assay  of  this  factor  has  been  fully  described  by  Witschi  (13). 
The  female  finches  used  here  to  indicate  the  presence  of  LH  in  male  chicken  pituitar¬ 
ies  were  purchased  as  species  frandscana  of  genus  Pyromelana.  The  finches  were  pre¬ 
viously  found  to  react  uniformly  to  a  standard  dosage  of  pregnant  mare  serum.  As  is 
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shown  by  the  reaction  illustrated  in  figure  6,  a  weaver  finch  unit  (w.f.u.)  is  equivalent 
to  I  mg.  of  pituitary  powder  from  either  Rhode  Island  Reds  or  White  Leghorns  (b 
and  d  of  fig.  6).  One^half  milligram  of  pituitary  powder  from  White  Leghorns  gave 
the  barest  trace  of  darkening  in  the  tip  of  the  feather  (fig.  6c). 

DISCUSSION 

From  assays  of  male  chicken  pituitary  powders  on  different  species  of  animals,  it 
would  appear  that  i  r.v.u.  is  equal  to  approximately  20  m.u.u.  or  10  w.f.u.  In  other 
words,  one  anterior  pituitary  weighing  2.0  mg.  would  contain  0.2  r.v.u.,  4  m.u.u., 
or  2  W.F.U.  If,  as  is  indicated  by  Witschi  (13)  the  r.v.u.  is  primarily  a  reflection  of  the 
follicle-stimulating  hormone  (FSH)  and  the  w.f.u.  an  indication  of  LH,  then  the  male 
chicken  pituitary  has  a  r.v.u.  (FSH):  w.f.u.  (LH)  quotient  of  10.  There  is,  of  course, 
no  reason  to  believe  that  the  assay  animals  used  by  different  workers  have  the  same 
degree  of  sensitivity,  and  we  are  not  justified  in  making  a  strict  comparison  between 
this  quotient  and  those  seriated  by  Witschi  (13)  for  several  different  types  of  pitui- 
taries.  It  is  interesting,  and  probably  significant,  however,  that  the  male  chicken  pitui¬ 
tary  falls  in  the  class  with  those  types  (sheep  and  cattle)  having  an  FSH:LH  quotient 
of  10  or  greater.  This  quotient  indicates  a  relatively  high  content  of  LH  as  compared 
with  pregnant  mare  serum  and  horse  pituitary  with  quotients  of  0.5  and  0.4  respec¬ 
tively  and  human  pituitary  with  a  quotient  as  low  as  0.05.  Witschi  (17)  has  reported 
a  relatively  high  LH  content  for  turkey  pituitary  powders. 

It  should  be  emphasized  that  the  r.v.u.  for  male  chicken  pituitary,  as  used  in  this 
study,  is  based  upon  a  limited  number  of  tests.  However,  Meyer  et  al.  (i)  report  very 
little  stimulation  from  50  mg.  (weight  of  frozen  tissue)  of  male  chicken  pituitary  in¬ 
jected  into  normal  immature  rats.  Taking  the  dry  weight  of  chicken  pituitary  to  be 
approximately  one-fifth  of  the  fresh  weight  (as  we  have  observed  for  several  lots  of 
pituitaries)  these  authors  used,  at  this  level,  the  equivalent  of  at  least  10  mg.  of  dry 
powder.  While  the  FSH:LH  quotient  for  male  chicken  pituitary  cannot  be  said  to  be 
definitely  established  at  the  value  10,  it  is  probably  of  this  order. 

With  unfractionated  pituitary  powders,  it  is  difiicult  to  say  how  much  the  pres¬ 
ence  of  LH  influences  the  uterine  response  of  the  immature  mouse.  Levin  and  Tyn- 
dale  (15)  found  that  when  the  weights  of  uteri  were  plotted  against  the  dosage  for  a 
pituitary  extract  high  in  FSH,  the  curve  flattened  sooner  than  was  the  case  for  an  ex¬ 
tract  of  urine  from  ovariectomized  and  postmenopausal  women.  These  authors  sug¬ 
gested  that  contamination  of  the  FSH  with  LH  probably  accounted  for  the  difference. 
Although  corpora  lutea  are  not  found  in  mouse  ovaries  until  an  amount  of  chicken 
pituitary  approximately  six  times  the  unit  dosage  is  administered,  there  is,  of  course, 
the  possibility  that  the  estrogen-producing  effects  of  the  FSH  are  increased  by  the  LH 
present.  Fevold  (18)  reports  that  a  very  small  amount  of  LH,  while  unable  to  initiate 
estrogen  production  when  administered  alone,  markedly  increases  the  effect  of  FSH 
in  this  respect. 

SUMMARY 

Male  chicken  anterior  pituitaries  obtained  from  birds  representing  5  different 
breeds  and  crosses  of  known  breeding  and  environmental  histories  were  assayed  for 
gonadotropic  potency  using  the  Levin-Tyndale  mouse  uterine  unit.  This  unit  (m.u.u.) 
was  found  to  be  of  approximately  the  same  order  as  a  unit  based  upon  the  dosage  re¬ 
sulting  in  a  stage  2  reaction  of  the  vagina  of  50  per  cent  of  injected  animals.  The 
mouse  uterine  response  is  considered  to  be  a  practical  and  an  efficient  index  of  the 
gonadotropic  potency  of  unfractionated  male  chicken  pituitary  powders. 
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The  M.u.u.  for  the  5  types  of  unfractionated  powders  from  birds  with  testes 
ranging  in  weight  from  10  to  25  gm.  was  equivalent  to  0.3  mg.  for  a  group  of  cross- 
breds,  0.4  mg.  for  Rhode  Island  Reds,  White  Leghorns  and  Columbians,  and  0.5  mg. 
for  Wyandottes. 

Tests  for  gonad-stimulating  activity  were  also  made  on  the  21-day-old  female  rat, 
and  the  plumage  response  of  the  African  weaver  finch  was  used  for  assays  of  the 
luteinizing  factor.  The  value  of  the  rat  vaginal  unit  (r.v.u.)  was  found  to  be  approxi¬ 
mately  equal  to  20  m.u.u.  or  10  weaver  finch  units  (w.f.u.).  Our  findings  place  male 
chicken  pituitary  in  the  group  of  pituitary  types  with  a  relatively  high  LH  content. 
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RELATIONSHIP  OF  GONAD^STIMULATING  ACTIVITY 
OF  FEMALE  DOMESTIC  FOWL  ANTERIOR  PITUITARIES 
TO  REPRODUCTIVE  CONDITION 

GARDNER  M.  RILEY  and  RICHARD  M.  FRAPS 
From  the  Bureau  of  Animal  Industry,  United  States  Department  of  Agriculture, 
Beltsville  Research  Center 

BELTSVILLE,  MARYLAND 

SCHOOLEY  AND  RiDDLE  (i)  have  reported  that  anterior  pituitary  tissue  from 
sexually  active  male  and  female  pigeons  contains  more  gonad'Stimulating  hor- 
mone  than  do  the  glands  from  sexually  inactive  adults.  This  observation  was 
based  upon  results  obtained  from  the  implantation  of  macerated  glands  into  2.1  to 
2.7'month'old  ring  doves.  Benoit  (2)  found  that  the  hypophyses  from  drakes,  arti' 
ficially  stimulated  to  precocious  sexual  maturity,  when  implanted  into  immature  mice 
caused  a  definite  increase  in  the  size  of  the  uterus  and  ovary  as  compared  with  negative 
effects  from  implants  from  sexually  quiescent  drakes. 

Although  the  gonad'Stimulating  potencies  of  male  and  female  chicken  pituitaries 
have  been  compared  by  Meyer,  Mellish  and  Kupperman  (3)  and  the  male  glands 
found  more  potent  at  various  dosage  levels,  the  relationship  between  the  potency  of 
the  anterior  pituitary  and  reproductive  condition  has  not  been  determined  for  the 
domestic  fowl. 

The  present  investigation  was  undertaken  primarily  to  compare  the  gonadotropic 
activity  of  the  anterior  pituitaries  of  females  from  different  breeds  of  domestic  fowl 
rigorously  classified  according  to  the  condition  of  the  gonad. 

An  earlier  study  (4)  indicated  that  the  uterine  response  of  the  immature  mouse 
was  an  efficient  index  of  the  gonad-stimulating  activity  of  male  chicken  pituitaries. 
The  mouse  uterine  unit  (m.u.u.)  is  defined  for  the  purposes  of  this  study  as  the  small¬ 
est  amount  of  anterior  pituitary  powder  which  produces  a  100  to  150  per  cent  increase 
in  the  average  weight  of  the  uteri  of  at  least  two  injected  animals  over  the  average 
weight  of  uteri  of  control  mice.  To  determine  the  number  of  milhgrams  equivalent 
to  a  unit,  assays  were  made  at  from  2  to  4  dose  levels  for  each  lot  of  pituitary  powder. 
A  total  of  108  tests  were  made,  95  tests  at  comparative  dose  levels  being  included  in 
table  2.  Whenever  possible,  littermates  were  used  in  testing  the  different  lots  of 
pituitary  powders  from  any  one  group  of  birds. 

MATERIAL  AND  METHODS 

Anterior  pituitaries  were  obtained  from  five  groups  of  hens,  including  two  groups 
of  Rhode  Island  Reds,  two  groups  of  White  Leghorns  and  one  group  of  hens  of  mixed 
breeds.  The  birds  of  the  mixed  group  were  mostly  White  Leghorns  but  included  a 
few  Columbian,  White  Wyandotte  and  crossbred  hens.  The  breeding  and  reproduc¬ 
tive  histories  of  these  birds  were  known.  At  autopsy  the  ovarian  follicles  were 
classified  on  the  basis  of  whether  they  were:  a),  maturing;  b),  mature;  c),  in  early 
regression;  d),  in  late  regression;  or  c),  quiescent.  The  pituitaries  were  segregated  with 
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respect  to  these  follicular  types.  Average  weights  of  ovaries  and  oviducts  and  char- 
acteristics  of  the  follicles  for  a  group  of  Rhode  Island  Red  hens  are  given  in  table  i. 

The  anterior  pituitaries,  dissected  from  the  heads  a  few  minutes  after  the  birds 
were  killed,  were  acetone-dried  and  pulverized.  The  desired  amount  of  powder  was 
suspended  in  1.5  cc.  of  distilled  water  for  injection.  Twenty one^day -old  mice'  were 
injected  twice  daily  for  3  days  and  killed  24  to  26  hours  after  the  last  injection. 

RESULTS 

The  gonad'Stimulating  effects  of  the  several  groups  of  pituitary  powders  from  the 
five  groups  of  birds  are  given  in  table  2.  For  convenience  in  describing  the  results, 
the  milligrams  of  powder  giving  a  100  to  150  per  cent  increase  in  average  weight  of 
the  uteri  have  also  been  tabulated.  In  some  groups  of  birds  only  a  few  ovaries  of  a 


Table  i.  Characteristics  of  ovaries  and  oviducts  of  rhode  island  red  hens  classified  according 

TO  DOMINANT  FOLLICULAR  TYPE  AT  TIME  OF  AUTOPSY 


Dominant 
follicular  type 

Number 
of  birds 

Average 

ovarian 

weight 

Average 

oviduct 

weight 

Type  characteristics 

gm. 

gm. 

Mature 

9 

48.9 

45-3 

Large,  normal  ova  and  recently  ovulated 
follicles 

Early  regression 

13 

19.6 

20.0 

Atretic  follicles,  no  recently  ovulated  fob 
licles;  ovaries  >8  gm.  in  weight 

Late  regression 

15 

5.6 

9.1 

Advanced  follicular  atresia;  ovaries <8  gm. 
in  wei^t 

Quiescent 

26 

2.6 

3-0 

All  foUicles  small,  no  atresia 

Maturing 

56 

5-3 

9.0 

Translucent  and/or  maturing  yellow  fob 
licles,  no  atresia 

particular  follicular  type  were  represented,  and  the  exact  potency  could  not  be  de- 
termined  from  the  correspondingly  limited  amount  of  material.  In  five  such  instances 
in  which  a  given  dosage  resulted  in  an  increased  weight  of  the  uterus  which  was 
slightly  less  than  the  required  100  per  cent,  0.5  mg.  was  added  to  the  dosage  and  the 
total  value  used  as  the  estimated  m.u.u. 

In  three  of  the  four  groups  in  which  comparison  can  be  made  (table  2,  Groups  II, 
III  and  IV),  the  greatest  differential  exists  between  the  potency  of  pituitary  powders 
from  birds  with  quiescent  follicles  and  those  with  mature  follicles.  The  potency  of 
powders  from  birds  with  quiescent  folhcles  was  100,  60  and  34  per  cent  greater  in 
Groups  II,  III  and  IV,  respectively,  than  were  the  powders  from  birds  with  mature 
follicles.  In  Group  V,  the  gonad'Stimulating  activity  of  pituitaries  from  birds  with 
folhcles  in  late  regression  is  considerably  greater  than  that  for  glands  from  birds  with 
quiescent  folhcles.  On  the  basis  of  the  weights  of  ovaries,  there  was  very  little  differ' 
ence  between  these  two  classes  of  birds.  The  average  weight  of  ovaries  with  follicles 
in  late  regression  was  4.4  gm.  (27  birds)  as  compared  with  3.2  gm.  (20  birds)  for  ovaries 
with  quiescent  folhcles. 

In  Group  I  the  pituitary  powder  from  birds  with  regressing  folhcles  was  only 
shghtly  more  active  (17  per  cent  on  the  basis  of  milligrams  of  powder  equivalent  to 
I  M.u.u.)  than  that  of  birds  with  mature  follicles.  The  average  weight  of  the  ovaries 


*  The  mice  were  from  the  S-strain  maintained  by  the  Animal  Husbandry  Division,  U.  S.  Department 
of  Agriculture,  Beltsville  Research  Center  and  were  obtained  through  the  cooperation  of  Dr.  O.  N. 
Eaton. 


Table  a.  Effects  produced  in  immature  female  mice  by  injections  of  anterior  pituitary  powders 

FROM  HENS  CLASSIFIED  ACCORDING  TO  REPRODUCTIVE  CONDITION 


Type  of  pituitary  powder  used 


Breed  and  Age 

date  of  of 

collection  birds 


Group  II 
W.  L. 
9/18/40 


Group  III 
R.I.R. 
1/14/41 


Regressing 


li  I 

to 

2 1  Regressing 


Maturing 


Group  IV 
W.  L. 
1/16/41 

if 

Mature 

Early 

regression 

Late 

regression 

Quiescent 

Maturing 

Group  V 

Mature 

Early 

regression 

Mixed 

if 

Late 

regression 

Quiescent 

Average  Average  ^8'^^  ^o^ 

ovarian  utenne 

weight  weight  ^ 


‘  The  letter  E  preceding  a  number  indicates  an  estimated  value. 
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of  birds  with  follicles  classified  as  regressive  was  9.9  gm.  and  included  ovaries  with 
follicles  in  both  early  and  late  stages  of  regression. 

In  the  three  groups  of  birds  with  mature  follicles  killed  in  January  and  April 
(Groups  I,  III  and  IV),  there  is  marked  uniformity  in  gonadotropic  potency,  3.5  to 
4.0  mg.  of  powder  being  equivalent  to  1  m.u.u.;  this  corresponds  to  285  units  per 
gram  of  dried  tissue.  Pituitaries  of  birds  of  the  same  class  collected  in  the  fall  (Groups 
II  and  V)  show  a  reduction  in  gonad-stimulating  activity,  there  being  no  more  than 
200  units  per  gram  of  dried  tissue.  These  differences,  while  small,  might  well  be  sig' 
nificant  in  connection  with  the  annual  cycle  of  production. 

As  can  be  clearly  seen  in  table  3,  there  is  Uttle  difference  between  the  gonado' 

Table  j.  Direct  comparison  of  the  average  uterine  weights  of  immature  mice  injected  with 

ANTERIOR  PITUITARY  POWDERS  FROM  RHODE  ISLAND  RED  AND  WHITE  LEGHORN  HENS 


Uterine  weights  at  designated  dosage  levels 


Type  of  pituitary  powder 
based  on  follicular  phase 

2.5  mg. 

3-5  mg. 

R.  I.  R. 

W.  L. 

1  R.  I.  R. 

W.  L. 

mg. 

mg. 

mg. 

mg. 

Mature 

9.9 

11. 0 

M-7 

14-5 

Early  regression 

11.8 

II. 9 

19-3 

20. 1 

Late  regression 

9.6 

10.3 

15-3 

18.2 

Quiescent 

22.6 

13-9 

h^turing 

10.7 

II. 4 

1  18.4 

20.2 

tropic  potencies  of  anterior  pituitary  powders  of  comparable  classification  from  Rhode 
Island  Reds  and  White  Leghorns  obtained  at  the  same  time  of  the  year  (Groups  III 
and  IV).  The  m.u.u.  for  Rhode  Island  Reds  (Group  III)  and  White  Leghorns  (Group 
IV)  with  maturing  follicles  is  3.5  mg.  as  compared  with  an  estimated  4.0  mg.  for 
birds  of  the  same  groups  with  mature  follicles.  Powders  from  birds  with  maturing 
follicles  have  about  the  same  activity  as  powders  from  birds  with  foUicles  in  the  early 
phases  of  regression. 

DISCUSSION 

The  average  values  of  the  m.u.u.  for  pituitary  powders  from  birds  of  Groups  II 
to  V  with  follicles  in  the  mature,  regressing  (early  and  late  combined)  and  quiescent 
classes  are  4.5,  3.5  and  2.9  mg.,  respectively.  It  is  of  interest  to  compare  these  values 
with  those  obtained  previously  (4)  for  pituitaries  from  7  to  15'month'old  male 
chickens.  On  the  basis  of  the  average  number  of  milligrams  equivalent  to  i  m.u.u., 
pituitaries  from  sexually  mature  males  have  a  gonadotropic  potency  approximately  11 
times  that  of  pituitaries  from  laying  hens,  9  times  that  of  glands  from  hens  with  re- 
gressing  follicles  and  7  times  that  of  pituitaries  from  hens  with  quiescent  follicles. 
Meyer  et  al.  (3)  earlier  reported  that  the  male  gland  produced  a  greater  degree  of 
gonadal  stimulation  in  the  immature  rat  than  did  the  female  gland. 

While  a  satisfactory  explanation  of  the  relatively  lower  potency  of  pituitaries 
frcffli  laying  birds  must  await  further  experimental  investigation,  the  possible  effects 
of  differences  in  a),  gonadotropin  release  and  b),  sex  hormone  concentration  may  be 
considered  here. 

In  contrast  to  animals  which  ovulate  periodically  or  which  require  an  external 
stimulus  for  ovulation,  the  actively  laying  hen  is  capable  of  ovulating  daily  over  a 
period  of  several  days  and  of  repeating  this  process  with  but  occasional  short,  non^ 
ovulating  intervals  over  a  greater  part  of  the  year.  This  continuous  ovarian  function 
presumes  a  continuous  release  of  gonadotropin  from  the  pituitary  with,  of  course,  the 
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possibility  of  superimposed  diurnal  variations  associated  with  ovulation.  This  con- 
tinuous  release  may  well  result  in  a  lowered  gonadotropic  content  of  the  pituitary. 
In  the  postovulatory  rabbit  release  of  the  gonadotropin  is  accompanied  by  a  marked 
fell  in  gonadotropic  content  of  the  pituitary  (5, 6). 

On  the  other  hand,  a  study  of  human  pituitaries  by  Witschi  and  Riley  (7)  indi' 
cated  a  direct  correlation  between  glandular  content  and  output  of  follicle'Stimulating 
hormone.  If  such  proves  to  be  the  case  in  the  female  fowl  then  it  must  be  assumed  that 
while  gonadotropin  release  satisfies  the  requirements  for  reproductive  function,  the 
gonadotropic  content  of  the  pituitary  of  laying  birds  is  less  than  that  of  non-laying 
birds  as  the  result  of  a  depressing  agent. 

The  depressing  effect  of  female  sex  hormone  on  the  gonadotropic  potency  of  the 
anterior  pituitary  has  frequently  been  demonstrated.  The  literature  pertaining  to  this 
subject  has  been  reviewed  by  Van  Dyke  (8).  Using  oviduct  weight  as  an  index  of 
estrogen  concentration,  the  titer  of  this  agent  is  highest  in  the  laying  bird  and  pro¬ 
gressively  lower  in  birds  with  regressing  and  resting  follicles.  Preliminary  assays  of 
native  chicken  urines  (unpublished)  indicate  a  markedly  higher  concentration  of  es¬ 
trogenic  substance  in  the  laying  hen  as  compared  with  the  non-laying.  The  gonado¬ 
tropic  content  of  the  pituitary  would  thus  tend  to  be  inversely  proportional  to  the 
sex  hormone  concentration.  While  this  is  substantiated  in  a  general  way  by  the  re¬ 
sults  described  in  this  paper,  it  is  probable  that  the  gonadotropic  content  of  the  hen’s 
pituitary  is  influenced  by  more  than  one  factor. 

SUMMARY 

Determinations  were  made  of  the  gonadotropic  potency  of  unfractionated  an¬ 
terior  pituitary  powders  from  two  groups  of  Rhode  Island  Reds  and  White  Leghorns 
and  from  one  group  of  hens  of  mixed  breeds.  The  response  of  the  uterus  of  the  immature 
mouse  was  used  as  a  measure  of  gonad-stimulating  activity.  In  general,  anterior  pitui¬ 
taries  from  hens  with  follicles  in  the  regressive  or  quiescent  phases  show  a  higher 
gonad-stimulating  effect  than  those  from  hens  in  full  reproductive  condition.  In 
three  of  four  groups  the  pituitary  powders  from  hens  with  quiescent  follicles  had  a 
higher  potency  than  powders  from  any  other  class.  The  average  values  of  the  mouse 
uterine  unit  (m.u.u.)  for  4  groups  of  hens  was  4.5,  3.5  and  2.9  mg.  for  pituitary  pow¬ 
ders  from  birds  with  mature,  regressing  and  quiescent  follicles  respectively.  Pitui¬ 
taries  from  birds  with  maturing  follicles  have  about  the  same  potency  as  those  from 
birds  in  the  early  regressive  phase,  being  slightly  more  active  than  pituitaries  from 
laying  hens.  No  significant  difference  appears  between  the  effectiveness  of  pituitaries 
from  Rhode  Island  Red  and  White  Leghorn  hens  obtained  at  the  same  time  of  the 
year.  The  lowest  potency  was  found  in  the  glands  of  laying  birds  collected  in  the  fall. 
On  the  basis  of  the  milligrams  equivalent  to  i  m.u.u.,  pituitaries  from  sexually  mature 
males  (7-15  months  old)  have  a  gonadotropic  potency  approximately  ii  times  that  of 
glands  from  laying  hens  and  7  times  that  of  pituitaries  from  hens  with  quiescent 
follicles. 
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»  /TAny  workers  have  considered  that  hyperfunction  of  the  pituitary  gland 

\\  may  be  a  potent  factor  in  the  production  of  eclampsia.  In  favor  of  such  a 

Ja.  suggestion  one  might  list  the  following ; 

a.  Eclampsia  is  characterized  by  hypertension.  Extracts  of  the  posterior  lobe  of 
the  pituitary  produce  hypertension  when  injected  into  animals.  Dieckmann  (i) 
has  found  that  the  blood  volume  in  eclampsia  is  characteristically  low.  Griffith, 
Corbit,  Rutherford  and  Lindauer  (2)  have  shown  that  the  circulating  blood  volume 
is  low  after  injection  of  pitressin  in  pressor  dosage.  They  have  also  observed,  in 
rats,  that  a  hypertension  may  persist  several  weeks  after  the  last  of  a  series  of  in^ 
jections  of  posterior  lobe  extract. 

b.  Several  investigators,  including  Janney  and  Walker,  (3)  have  shown  that 
some  degree  of  fluid  retention  is  characteristic  even  of  normal  pregnancy  but  this 
becomes  more  marked  with  the  onset  of  eclampsia.  The  antidiuretic  effect  of  poste' 
rior  pituitary  substance  in  low  dosage  is  well  known.  The  blood  volume  in  normal 
pregnancy  has  been  shown  by  Dieckmann  (i)  and  others  to  be  high.  Griffith,  Cor- 
bit,  Rutherford  and  Lindauer  (2)  have  shown  that  in  rats  an  elevated  blood  volume 
is  usual  but  not  invariable  following  the  inhibition  of  water  diuresis  by  pitressin  in 
dosage  below  the  pressor  level  (i.e.  a  dosage  sufficient  to  produce  antidiuresis  but 
insufficient  to  produce  hypertension  if  given  without  water). 

c.  The  occurrence  of  an  antidiuretic  substance  in  the  urine  and,  sometimes,  in 
the  serum  of  women  in  eclampsia  and  during  normal  pregnancy  has  been  reported 
by  Anselmino  and  Hoffman  (4),  Teel  and  Reid  (5),  Melville  (6),  and  Ham  (7), 

d.  The  experimental  studies  of  Greene  (8,  9)  describe  an  eclampsia-hke  syn^ 
drome  in  certain  strains  of  rabbits  occurring  in  pregnancy  either  spontaneously  or 
following  the  injection  of  anterior  pituitary  extract. 

e.  Cellular  changes  in  the  pituitary  are  known  to  occur  in  normal  pregnancy 
and  in  eclampsia;  but  how  closely  these  changes  resemble  each  other  is  uncertain. 

/.  Pathologic  changes  resembling  those  seen  in  eclampsia  in  the  kidney  and  else¬ 
where  have  been  produced  by  Byrom  (10)  and  Liu  (ii)  by  the  repeated  administra¬ 
tion  of  large  doses  of  extract  of  the  posterior  lobe  of  the  pituitary  in  rats  and  rab¬ 
bits. 
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On  the  other  hand,  the  case  against  the  pituitary,  or  at  least  its  posterior  lobe,  as 
the  etiologic  agent  in  the  production  of  eclampsia  may  be  summed  up  as  follows: 

a.  In  women  dying  of  eclampsia  the  renal  findings  are  most  striking,  while  the 
pituitary  changes  are  difficult  to  evaluate.  As  the  role  of  the  kidney  in  hypertension 
is  well-known,  the  tendency  is  to  emphasise  the  renal  basis. 

b.  Recovery  usually  follows  so  rapidly  after  delivery  that  one  feels  impelled  to 
look  for  the  noxious  agent  in  the  substances  expelled  during  the  act  of  parturition. 

c.  Even  though  one  might  accept  as  proven  the  presence  of  a  substance  in  preg¬ 
nancy  capable  of  inhibiting  water  diuresis  and  therefore  acting  like  an  extract  of  the 
posterior  lobe  of  the  pituitary,  it  must  be  conceded  that  such  a  substance  is  not 
necessarily  derived  from  the  pituitary.  Selye  and  Bassett  (12),  reviewing  their  own 
work  and  the  work  of  others,  point  out  that  estrogenic  and  certain  of  the  physio¬ 
logically  active  steroid  hormones,  such  as  the  androgens  and  progesterone,  may 
produce  antidiuresis.  Walker  (13)  suggests  that  an  antidiuretic  substance  may  be 
derived  from  the  Ever.  Ham  (7)  has  shown  that  there  are  important  differences  be¬ 
tween  the  action  of  extracts  of  posterior  lobe  and  that  of  the  sera  of  pregnant  wo¬ 
men  containing  the  antidiuretic  factor.  The  striking  difference  is  the  failure  of  the 
human  sera  to  produce  the  increased  sodium  chloride  excretion  regularly  seen  after 
administration  of  extracts  of  the  posterior  pituitary.  Moreover,  the  antidiuretic  sub¬ 
stance  as  found  cUnically  occurs  in  perfectly  normal  pregnancy  as  well  as  in  eclamp¬ 
sia;  its  etiologic  relation  to  the  latter  is  therefore  not  well  supported. 

d.  More  recent  work  in  eclampsia,  such  as  the  rise  of  prolan  found  by  Smith  and 
Smith  (14)  directs  attention  away  from  the  posterior  lobe.  The  retention  of  sodium 
described  by  Taylor,  Warner,  and  Welsh  (15),  while  not  bearing  directly  upon  the 
problem  of  the  pituitary,  tends  to  implicate  other  factors. 

The  role  of  the  pituitary  gland  in  the  production  of  antidiuretic  substance  con¬ 
stitutes  the  purpose  of  this  study.  Previously,  Griffith,  Corbit,  Rutherford  and  Lind- 
auer  (2)  had  reported  a  modification  of  the  test  of  Bum  for  antidiuretic  substance  in 
human  serum.  This  was  found  in  a  certain  number  of  patients  with  hypertension. 
Subsequently,  Pendergrass,  Modes,  and  Griffith  (16)  have  reported  the  result  of  ir¬ 
radiating  the  pituitary  in  patients  of  this  type.  In  most  instances  the  results,  both 
clinical  and  as  reflected  by  the  test,  were  such  as  to  leave  little  doubt  that  the  irradia¬ 
tion  had  been  effective.  The  disappearance  of  the  antidiuretic  substance  from  the 
serum  after  pituitary  irradiation  was  taken  as  evidence  that  it  was  produced  by  the 
pituitary.  Nevertheless,  such  serum,  while  producing  antidiuresis,  did  not  cause  in¬ 
creased  sodium  chloride  excretion  when  given  to  rats. 

EXPERIMENTAL  MATERIAL 

‘Normal’  blood  was  obtained  from  members  of  the  staff  and  from  patients,  either 
men  or  nonpregnant  females,  who  were  free  of  cardiovascular  or  endocrine  disease, 
who  had  no  malignant  tumor  or  gastrointestinal  disease  and  were  in  general  in  good 
health.  Serum  of  pregnant  women  was  obtained  from  persons  attending  the  prenatal 
clinic  of  the  Pennsylvania  Hospital.  The  experimental  animals  were  healthy  albino 
rats,  either  raised  in  our  own  colony  or  purchased  from  a  supply  house.  All  animals 
which  received  a  series  of  injections  of  a  hormone  in  preparation  for  a  subsequent  test 
were  males.  Animals  which  were  used  as  subjects  to  determine  the  antidiuretic  prop¬ 
erties  of  other  sera  were  either  males  or  nonpregnant  females.  Serum  derived  from  a 
human  subject,  pregnant  or  nonpregnant,  was  injected  into  3  test  rats;  rarely,  when 
the  serum  specimen  was  inadequate,  only  2  test  rats  were  used.  Serum  derived  from  a 
rat  was,  as  a  rule,  injected  into  2  test  rats;  rarely  was  there  enough  for  a  third  animal, 
and  occasionally  there  was  enough  for  only  one. 
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Table  i.  Percentage  distribution  of  various  amounts  of  retained  fluid  in  rats 


Cubic  centimeters  retained 

per  100  gram  1 

Number 

Group 

Experimental  conditions 

of 

5. 0-4.0 

J.9-3-0 

2.9-a.O 

1. 9-1.0 

0.9-0 

animals 

% 

% 

% 

% 

% 

H 

Normal  rats+HjO 

8.3 

25 

27.0 

29 

10.0 

48 

Normal  rats+HjOd-  nor- 

mal  human  serum 

9.6 

27 

36.5 

25 

1.9 

52 

iPit)H 

Normal  rats+HiO+  pit- 

re58in 

71.0 

18 

6.0 

3 

2.0 

118 

{HH.PitM 

Normal  rats+HiCH-nor- 

mal  human  serum+pit' 

ressin 

lOO.O 

16 

(HP)N 

Normal  rats+H20+  se- 

rum  of  pregnant  women 

55  0 

26 

12.0 

5 

2.0 

148 

P 

Pregnant  rats+HjO 

14 

43-0 

43 

14 

{Pit)P 

Pregnant  rats+HjO+pit- 

ressin 

100.0 

6 

(RN)N 

Normal  rats+HsO+  nor- 

mal  rat  serum 

35 

350 

30 

26 

(RP)N 

Normal  rats+HiO+se- 

rum  of  pregnant  rats 

23-0 

46 

23.0 

8 

13 

F 

Normal  rats+HjO+pro- 

Ian,  5  i.u. 

9.0 

41 

330 

16 

12 

{The)H 

Normal  rats  given  H1O+ 

200  I.u.  of  theelin 

33 

66.0 

6 

(The.Pit)H 

Normal  rats+HjO+aoo 

I.U.  theelin+pitressin 
(varied  dose) 

530 

33 

6 

6.0 

15 

(Pit)Na 

Normal  rats+HiO-f  pit- 

ressin  (varied  dose, 
control  to  above) 

56.0 

31 

6.0 

6 

16 

G 

Rats  after  A.P.G.Ext.+ 

HjO  (see  text) 

J-0 

25 

46.0 

21 

7.0 

28 

G.X. 

Same  series  except  with 

x-ray  to  pituitaiy 

50 

50.0 

4 

(G.-)N 

Normal  rats+HjO+se- 

rum  of  rats  that  had 
been  given  growth  ex- 

tract 

31.0 

31 

23.0 

11 

4.0 

55 

(G.*.-)N 

Same  series  except  donor 

rats  had  pituitary  x- 
rayed 

33 

33  0 

25 

8.0 

12 

F.- 

Rats  1-3  weeks  after 

course  of  injections  of 
prolan+HjO 

21.0 

64 

7.0 

7 

14 

F.X.- 

Same  senes  except  x-ray 

to  pituitary 

25 

50.0 

25 

4 

Normal  rats+HjO+se- 

rum  of  rats  that  had 
been  given  prolan 

29.0 

29 

390 

3 

38 

Same  series  except  donor 
rats  had  pituitary  x-rayed 

IJO 

53 

20.0 

13 

15 

SigniScant  figures  in  boldface 


The  following  description  should  be  read  with  reference  to  tables  i  and  2. 

Normal  albino  rats  were  given  5  cc.  of  water  per  100  gm.  of  body  weight  by 
stomach  tube.  The  struggle  of  passing  the  tube  assured  complete  emptying  of  the 
bladder.  Each  animal  was  then  placed  in  a  separate  metabolic  cage  for  urine  collection. 
At  the  end  of  90  minutes  complete  voiding  was  again  assured  by  giving  each  rat  a  few 
whiffs  of  ether  by  mask.  The  urine  passed  was  then  measured,  and  the  volume  differ- 
ence  from  that  of  the  water  ingested  was  determined  by  subtraction.  This  difference  is 
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spoken  of  as  fluid  retained,  and  is  expressed  as  cc.  per  100  gm.  of  body  weight.  A  dis' 
tribution  chart  for  the  amount  of  fluid  retained  in  48  rats  so  treated  is  shown  in  group 
table  I.  Most  of  the  animals  are  seen  to  retain  from  i.o  to  3.9  cc.  per  100  gm.  of 
body  weight. 

Fifty'two  animals  were  treated  as  described  for  the  group  JVJ,  but  in  addi' 
tion  were  given  i  cc.  of  normal  human  serum  intraperitoneally  at  the  time  of  the  gavage 
of  water.  As  shown  in  group  table  i,  there  is  no  significant  difference  from 

the  previous  distribution  ratio  of  group 

One  hundred  and  eighteen  rats  were  treated  as  described  for  the  group 
but  in  addition,  at  the  time  of  the  gavage,  were  given  0.12  cc.  per  100  gm.  of  a  1 1150 


Table  2.  Statistical  analysis  of  data 


Difference 
between  groups 

Degrees 

freedom 

Division 

point 

Chi 

square 

Chi  Square 
corrected 

1 

Fisher’s 
exact  prob. 

(H>DNto(HP)N 

S 

43-9 

.001 

(HN.Pit)Nto(HP)>[ 

1 

4-0 

12. 1 

10.3 

.002 

HtoF.- 

1 

J-o 

12.1 

10. 1 

.002 

(RN)N  to  (F.-)?s[ 

I 

4.0 

.002 

Nto(The)N 

1 

2.0 

.007 

(KFOHto  {G.-)H 

5 

11.4 

.oiy 

(Pit)H  to  (HH.Pit)H 

1 

40 

6. 17 

4-74 

.03-. 01 

iG.-)Hto(G.x.-)H 

I 

4.0 

.020 

(R>0Nto(RP)N 

1 

4.0 

.031 

F.  —  to  F.x.  — 

1 

30 

.044 

(Pit)N  to  (Pit)P 
(F.-)Nto(F.x.-)>i 

1 

1 

40 

4.0 

.149 

.204 

Those  above  the  line  have  been  considered  as  significantly  difiFerent;  those  below  the  line  as  not  so. 

Statistical  analysis  has  been  carried  out  by  chi  square,  pooling  cells  with  expectancy  less  than  5, 
and  for  one  degree  of  freedom  using  the  range  between  chi  square  and  chi  square  with  Yates'  correction 
or  Fisher’s  exact  method.  The  analysis  indicates  the  following  probabilities  of  the  observed  differences 
occurring  by  chance  of  sampling  with  no  actual  difference. 

The  differences  taken  as  significant  without  analysis  were  those  in  groups  (H>0N  to  (Pit)>I,  (HN)N 
to  (HN.Pit)N,  P  to  (P;t)P. 

The  differences  taken  as  negligible  without  analysis  were  those  between  groups  (HN)N.  P. 
(RH)N,  F,  G,  G.X.,  (G.x-.)K  F.X.-.  and  (F.x.-)N;  also  (The.Pit)X  to  (Ptt)Ma. 

dilution  of  pitressin  intraperitoneally.  As  shown  in  table  i,  most  of  these  animals  re¬ 
tained  from  4  to  5  cc.  per  100  gm.  of  body  weight. 

Sixteen  normal  rats  were  treated  as  described  for  group  except  at 
the  time  of  the  gavage  they  were  given  normal  human  serum  as  described  for  the 
group  and  pitressin  as  described  for  group  (Pit)H  intraperitoneally.  All  rats 
retained  between  4  and  5  cc.  per  100  gm.  of  body  weight,  (see  {HJ<i.Pit)l<i,  table  i). 

(HP)J^.  One  hundred  and  forty-eight  normal  rats  were  treated  as  described  for  the 
H  group  but  in  addition,  at  the  time  of  the  gavage,  each  rat  was  given  i  cc.  intraperi¬ 
toneally  of  the  serum  of  a  pregnant  woman.  As  shown  in  (HP)>(,  table  i,  55  percent 
of  the  rats  retained  between  4  and  5  cc.  of  the  ingested  fluid.  There  was  definitely  an 
increase  in  antidiuresis  as  compared  with  rats  receiving  normal  serum  but  it 

was  less  than  that  seen  with  the  use  of  normal  serum  plus  pitressin  (HH-Pit)H  (see 
table  2). 

P.  Fourteen  pregnant  rats  were  treated  as  described  in  group  Water  retention 
was  essentially  similar  to  that  of  nonpregnant  animals,  charted  in  group 

(Pit)P.  Six  pregnant  rats  were  given  water  and  pitressin  as  described  in  group 
(P»t)>^.  All  animals  retained  from  4  to  5  cc.  of  fluid  per  100  gm.  of  body  weight,  the 
curve  being  basically  as  described  for  the  nonpregnant  animals  of  (Pit)N  (see  table  2). 
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Twenty 'Six  rats  were  given  water  and  serum  intraperitoneally  as  de' 
scribed  in  group  except  that  normal  rat  serum  was  substituted  for  normal 

human  serum.  The  general  ratio  of  distribution  is  similar  to  that  for  normal  human 
serum. 

(RP)?{.  Thirteen  rats  were  treated  as  described  in  the  group  except  the 

rat  serum  used  was  from  the  pregnant  rats.  As  seen  in  group  (RP)7\[,  tables  i  and  2 
(R>0Nto  (RP)Jv(,  there  is  a  significant  shift  to  the  left,  in  the  direction  of  antidiuresis. 

F.  Twelve  normal  rats  were  treated  as  described  in  group  except  at  the  time  of 
the  gavage  of  water,  5  i.u.  of  a  pregnancy  urine  gonadotropin*  was  injected  intraperi' 
toneally.  The  distribution  ratio  was  essentially  as  described  for  untreated  normal 
animals  in  group  JVf. 

(The)?{.  Six  normal  rats  were  given  200  i.u.  of  theelin'in-oil  intraperitoneally,  and 
I  to  3  hours  later,  water  by  mouth  as  described  in  group  As  shown  in  table  i,  there 
was  no  evidence  of  fluid  retention,  the  actual  shift  being  significantly  to  the  right  (see 
table  2).  More  animals  were  not  used  as  it  was  simply  desired  to  rule  out  a  primary 
antidiuretic  effect  of  the  theelin. 

(The.Pit)]^.  Fifteen  normal  rats  were  treated  as  described  for  group  (The)H  ex' 
cept  that  at  the  time  of  the  gavage  each  received  intraperitoneally  an  injection  of 
pitressin  equal  to  or  less  than  half  the  dose  described  for  group  (Pit)J^.  The  results 
listed  in  table  i,  will  be  considered  in  connection  with  the  next  section  (Pit)J^2. 

(Pit)H2.  Sixteen  rats  were  used  as  controls  for  the  (Thc.Pit)7v(  group  each  receiv' 
ing  exactly  the  same  dose  of  pitressin  but  no  theelin.  The  ratios  in  groups  (The.Pit)}^ 
and  (Pit)}^2  are  identical  and  in  general  conform  to  that  of  group  (Pit)J^  but  show  less 
antidiuresis  as,  in  certain  cases,  a  smaller  amount  of  pitressin  was  injected.  Experi' 
ments  in  groups  (The)}{,  (The.Pit)}^,  and  (Pit)}^2  were  undertaken  because  of  the 
work  of  Byrom,  (17)  who  showed  that  pitressin  was  more  effective  in  producing  renal 
lesions  if  estrin  was  given  in  addition.  In  these  3  groups  it  is  apparent  that  along  with 
pitressin  estrin  had  no  adjuvant  effect  in  producing  antidiuresis. 

G.  Twenty-eight  normal  male  rats  were  given  intraperitoneally  5  i.u.  of  anterior 
pituitary  growth  hormone*  daily  for  7  days.  One  to  three  weeks  later  each  rat  was 
given  water  as  described  for  group  The  curve  for  fluid  retention  is  essentially  as  de- 
scribed  in  table  i,  for  normal  animals.  Four  additional  animals  in  the  G.x.  group  of 
this  series  were  given  irradiation  to  the  pituitary*  one  day  after  the  last  injection  of 
hormone.  The  results  as  shown  in  table  1  fell  within  the  general  curve. 

(G.  —)H-  Fifty 'five  normal  rats  were  treated  as  described  in  group  (R>()J^  except 
that  the  rat  serum  was  obtained  from  the  rats  in  the  G  group  or  from  similarly  treated 
rats  killed  three  weeks  after  the  last  injection  of  growth  extract.  The  results  are  listed 
in  tables  i  and  2,  where  it  is  seen  that  there  is  a  definite  shift  to  the  left,  i.e.,  in  the 
direction  of  antidiuresis.  Twelve  rats  given  the  serum  of  the  rats  of  the  G.x  group  or 
similarly  treated  rats  (with  iradiated  pituitaries)  failed  to  show  any  antidiuresis, 
group  (Gx.  —)>( differing  significantly  from  group  (G.  —)H- 

F.  — .  Fourteen  rats  were  given  5  i.u.  of  a  pregnancy  urine  gonadotropin  daily  for 
seven  days.  One  to  three  weeks  later  each  animal  was  treated  as  were  those  of  group 

There  was  a  definite  shift  to  the  left,  in  the  direction  of  antidiuresis,  as  shown  in 
tables  I  and  2.  Four  rats  were  similarly  treated  except  that  each  had  irradiation  to  the 
pituitary  the  day  after  the  last  injection  of  pregnancy  urine  gonadotropin.  None  re' 


*  The  pregnancy  urine  gonadotropin  (FoUutein)  and  the  growth  hormone  employed  in  this  study 
were  supphed  by  E.  R.  Squibb  6r’  Sons,  New  founswick,  N.  J. 

*  A  more  detailed  study  of  the  effect  of  irradiation  on  the  biologically  stimulated  pituitary  will  be 
reported  with  Doctors  Pendergrass  and  Hodes. 
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tained  over  3.9  cc.  of  water  per  100  gm.  of  body  weight  (listed  in  the  F.x.  —  group), 
and  the  results  with  the  F.  —  and  F.x.  —  groups  may  be  considered  as  just  significantly 
different. 

(F.  —)H..  Thirty -eight  normal  rats  were  treated  as  described  in  group  {RJ<[)7^  ex¬ 
cept  that  the  serum  given  was  from  the  rats  described  in  the  F.  —  group  or  similarly 
treated  rats.  There  was  a  significant  shift  to  the  left,  in  the  direction  of  antidiuresis, 
as  seen  in  tables  i  and  2.  Fifteen  rats  in  group  (F.x.  which  were  given  the  serum 
of  rats  with  irradiated  pituitaries  described  in  group  F.x.  —  or  similarly  treated  rats, 
showed  a  distribution  ratio  for  fluid  retained  more  nearly  that  seen  for  normal  animals 
but  the  diffeYence  between  the  (F.  —)H  and  the  (F.x— groups  is  not  statistically 
significant. 

Effect  of  using  different  strains  of  rats.  The  early  experiments  were  performed  on 
rats  that  had  been  raised  in  our  own  colony,  which  we  shall  call  strain  i.  This  strain 
was  a  mongrel  one,  derived  from  various  sources,  but,  since  it  had  been  perpetuating 


Table  j.  Strain  differences  in  fluid  retention 


Reference 
to  groups  in 
table  I 

Strain 

of 

rat 

Cubic  centimeters  retained  per  100  gram 

Number 

of 

animals 

5. 0-4.0 

3-9-3-0 

2. 9-2.0 

1. 9-1.0 

0.9-0 

% 

% 

% 

% 

% 

(G.-)N 

1 

40 

26 

23 

9 

i  2 

35 

2 

18 

64 

9 

9 

11 

3 

11 

9 

45 

34 

9 

(G.x.-m 

1 

66 

33 

3 

2 

40 

20 

20 

1  20 

5 

3 

50 

50 

4 

(F.-)N 

1 

45 

30 

25 

20 

2 

20 

20 

60 

10 

3 

35 

50 

15 

8 

iP.x.-)H 

1 

20 

80 

5 

2 

33 

50 

16 

6 

3 

25 

50 

25 

4 

itself  for  about  3  years  it  had  probably  attained  some  degree  of  homogeneity.  The 
colony  varies  between  100  and  200  adult  animals.  By  the  time  experiments  in  groups 
to  (Pit)  7^  and  the  early  experiments  of  groups  G  to  (F.x—)J<1  were  completed,  the 
colony  was  so  depleted  that  it  had  to  be  almost  entirely  re-stocked.  Animals  were  ob¬ 
tained  from  a  commercial  dealer  who  in  turn  purchases  them  from  a  number  of  small 
breeders.  While  this  cannot  be  considered  a  distinctly  homogeneous  strain,  and  in  our 
colony  was  diluted  with  a  few  remaining  animals  from  our  original  stock,  for  purposes 
of  convenience  it  will  be  designated  as  strain  2.  Again,  about  a  month  later,  more  ani¬ 
mals  were  purchased,  these  representing  a  Wistar  strain,  secured  from  a  neighboring 
laboratory  in  which  they  were  bred.  Again  a  certain  admixture  from  the  original  stock 
certainly  occurred,  but  for  convenience  this  group  of  animals  will  be  designated  as 
strain  3.  Therefore,  all  of  the  experiments  in  groups  H  to  (Pit)H  were  performed  on 
strain  i  rats,  while  experiments  on  groups  G  to  (F.x.  —)H  were  performed  on  strains 
1,2,  and  3.  The  difference  in  susceptibility  of  the  different  strains  is  indicated  in  table 
3.  As  this  was  not  anticipated,  and  strain  i  was  no  longer  available,  it  appeared  that 
further  extension  of  the  work  might  be  very  difficult. 

Failure  of  animals  to  show  antidiuresis  whose  serum  produced  antidiuresis  in  other 
animals.  This  is  indicated  in  table  4.  The  numbers  cannot  be  compared  with  those  in 
table  I,  because  a),  rats  which  served  as  donors  of  serum  to  other  rats  are  included  only 
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if  they  themselves  had  previously  been  given  water  in  the  usual  way  and  b),  as  a  donor 
rat  might  supply  serum  to  more  than  one  recipient  rat,  the  donor  rat  might  be  listed 
more  than  once  in  table  4.  However,  there  is  a  distinct  tendency  for  animals  while  not 
displaying  antidiuresis  themselves,  to  produce  antidiuresis  in  other  animals  when  used 
as  serum  donors.  The  animals  treated  with  pregnancy  urine  gonadotropin  are  not  sig, 

T ABLE  4.  Presence  of  antidiuretic  factor  in  serum  of  treated  rats 
cc.  retained  by  treated  rats  per  100  gm.  body  tot. 


Each  symbol  represents  one  animal,  which  is  treated  a)  as  described  for  groups  P,  G,  G.x.,  F.  —  or 
F.X.— ,  and  again  b)  as  described  for  (RP)>(.  (G.x.— )>(,  (F.— )>(  and  (F.x.—)}{  groups.  F  in- 

dicates  a  prolw'treated  animal.  G  indicates  an  animal  treated  with  growth  hormone.  P  indicates  a  pregnant 
animal,  (x)  indicates  in  each  case  the  pituitary  has  been  irradiated.  The  double  line  indicates  the  Limits  for 
normal  fluid  retention,  above  4  cc.  per  100  gm.  being  considered  abnormal.  According  to  Fisher's  exact 
method,  the  probability  of  chance  occurrence  of  the  greater  frequency  observed  in  donor  rats  F  than  in  G 
of  retention  y. 0-4.0  is  P=o.099. 

Probability  of  chance  association  of  donor  and  recipient  F  rats  both  with  retention  5. 0-4.0  as 
observed  is  P=o.4ai. 


nificantly  more  likely  than  the  rats  treated  with  growth  hormone  to  exhibit  antidiure* 
sis  themselves  or  to  cause  antidiuresis  in  recipient  rats. 


DISCUSSION 

The  presence  of  an  antidiuretic  substance  in  the  serum  of  a  high  percentage  (over 
50%)  of  pregnant  women  is  confirmed. 

A  similarly  acting  substance  can  be  produced  in  susceptible  strains  of  male  rats, 
after  a  suitable  time  interval,  by  repeated  injections  of  anterior  pituitary  or  anterior' 
pituitary'like  extract.  This  antidiuretic  substance,  although  demonstrable  when  in' 
jected  into  recipient  animals,  was  frequently  without  effect  on  the  water  diuresis  of 
the  donor  animal  itself.  The  two  hormonal  preparations  selected  for  the  series  of  in' 
jections  were  anterior  pituitary  growth  extract  and  prolan,  a  gonadotropic  extract  ob- 
tained  from  pregnancy  urine.  These  hormones  bear  some  relation  to  hormones  occur- 
ring  naturally  in  pregnancy.  Hart  and  (3ole  (18)  in  reviewing  their  own  work  and  the 
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work  of  others  have  shown  that  growth  is  increased  in  rats  both  in  pregnancy  and 
pseudopregnancy.  This  may  be  interpreted  as  due  to  the  presence  of  an  increased 
amount  of  growth  hormone.  Although  some  of  this  hormone  may  be  derived  from  the 
pituitary  of  the  fetus,  the  fact  that  increased  growth  occurs  in  pseudopregnancy  as 
well  suggests  that  the  animal’s  own  pituitary  is  a  partial  source  of  supply.  Smith  and 
Smith  (14)  have  shown  that  a  relative  rise  in  prolan  is  characteristic  of  late  toxemia. 
Moreover,  Klodt  (19)  found  a  lessened  excretion  of  water  and  sodium  in  rabbits  after 
a  series  of  injections  of  prolan  (500  R.u.  daily  for  6  days). 

A  serious  problem  arises  in  the  interpretation  of  the  difference  in  response  of  the 
donor  and  recipient  animal  to  serum  which  frequently  induces  antidiuresis  only  in 
the  latter,  at  least  as  shown  within  the  limitations  of  this  test.  Whether  there  may  be 
a  slight  effect  on  the  donor  animal  of  insufficient  magnitude  to  be  recognized  by  this 
standard  test  will  be  the  subject  for  further  study.  As  suggestions  one  might  list  as 
possibilities:  a).  The  kidneys  of  the  donor  animal  may,  in  time,  become  refractory  to 
antidiuretic  hormone.  Against  this  is  the  finding  of  Silvette  (20)  that  the  inhibitory 
effect  on  urine  flow  of  the  antidiuretic  hormone  of  the  posterior  pituitary  (aqueous  ex' 
tract)  is  maintained,  on  repeated  injections  either  2  or  8  hours  apart,  for  at  least  48 
hours.  No  tolerance  was  developed  during  this  time.  b).  Some  other  substance  may  be 
present  in  the  serum  of  the  donor  animal  which  counterbalances  the  effect  of  the 
antidiuretic  hormone  but  which  is  not  transmitted  unimpaired  to  the  recipient.  A 
diuretic  hormone  of  the  anterior  lobe  of  the  pituitary  or  of  the  adrenal  cortex  are 
possibilities.  Thus,  Gaebler  (21)  and  others  suggest  that  growth  extract  contains  a 
diuretic  hormone.  Silvette  and  Britton  (22)  state  that  “in  the  excretion  of  water  and 
sodium  chloride  by  the  kidney,  the  diuretic  hormone  of  the  adrenal  cortex  acts  in 
physiological  antagonism  to  the  antidiuretic  hormone  of  the  posterior  lobe  of  the 
pituitary.”  Robinson  and  Farr  (23),  testing  for  antidiuretic  substance  in  urine,  found 
that  the  daily  administration  of  30  units  of  pitressin  to  each  of  4  patients  lead  to  an  in' 
crease  in  antidiuretic  titer  for  4  or  5  days  with  a  subsequent  fall  to  or  even  below  the 
normal  level  thereafter.  They  suggest,  as  one  possible  explanation,  that  such  pa' 
tients  may  “elaborate  a  physiological  antagonist  very  rapidly.”  c).  The  substance 
transmitted  in  the  donor’s  serum  may  not  be  antidiuretic  itself,  but  may  have  such 
action  only  by  stimulating  the  pituitary  of  the  recipient  animal. 

The  data  showing  the  effect  of  irradiation  of  the  pituitary  of  the  donor  animals 
are  strongly  suggestive  in  both  the  case  of  the  growth  hormone'treated  animals  and 
the  prolan'treated  animals,  that  the  development  of  the  antidiuretic  substance  is  in' 
hibited.  This  suggests  that  the  origin  of  the  antidiuretic  substance  may  be  in  the 
pituitary  of  the  donor  animal. 

A  strain  susceptibility  or  lack  of  susceptibility  to  the  development  of  antidiuretic 
substance  is  analogous  to  the  strain  sensitivity  found  by  Greene  (8,  9)  in  the  toxemia 
of  pregnancy  of  rabbits.  While  the  knowledge  of  human  heredity  is  not  sufficient  to 
extend  the  analogy  further,  it  seems  that  the  occasional  woman  who  responds  to  the 
physiological  stimulus  of  pregnancy  by  developing  a  toxemia  might  well  be  regarded 
as  having  an  increased  or,  perhaps,  varied  susceptibility  to  the  normal  hormonal  tides 
of  pregnancy. 

SUMMARY 

A  test  for  the  detection  of  antidiuretic  substance  in  the  serum  of  men  and  rats  is 
described.  In  pregnancy  in  the  human  female  as  well  as  in  rats,  tests  for  such  an  anti' 
diuretic  substance  are  frequently  positive.  Experimentally,  such  antidiuretic  sub' 
stance  was  produced  in  a  certain  strain  of  rats  following  repeated  injections  of  extract 
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of  the  anterior  lobe  of  the  pituitary  (growth  extract)  or  anterior^pituitary-like  gonado' 
tropic  extract.  Other  strains  of  rats  responded  to  a  lesser  extent  to  such  injections. 
Animals  so  treated  might  or  might  not  show  interference  with  their  own  rate  of  water 
diuresis  while,  when  used  as  serum  donors,  strongly  inhibiting  the  water  diuresis  of 
other  ‘recipient’  rats.  Possible  explanations  for  this  are  discussed.  The  effect  of  irra' 
diating  the  pituitaries  of  the  donor  rats  was  to  inhibit  the  production  of  antidiuretic 
substance. 

We  wish  to  express  our  thanks  to  Dr.  J.  Harold  Austin  for  carrying  out  the  statistical  analysis  of 
much  of  our  data,  especially  that  in  table  2. 
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THE  INFLUENCE  OF  VITAMIN  E^DEFICIENCY  ON 
THE  THYROID  AND  BASAL  METABOLISM  OF  MALE 

RATS' 

CLYDE  BIDDULPH  and  ROLAND  K.  MEYER 
From  the  Department  of  Zoology,  University  of  Wisconsin 

MADISON,  WISCONSIN 

SINGER  (i)  AND  Barrie  (i)  ha  VC  presented  data  which  indicated  that  vitamin- E 
deficiency  has  an  influence  on  the  histology  of  the  thyroid  gland.  The  former 
described  a  hypoplasia  of  the  thyroid  of  12  to  iS-month  E'deficient  female  rats, 
and  the  latter  a  hypoplasia  of  the  thyroid  of  both  Edow  mothers  and  young  bom  to 
them.  The  results  of  Singer  and  Barrie  have  been  questioned  by  Telford,  Emerson 
and  Evans  (3),  who  reported  that  they  could  find  no  evidence  of  hypothyroidism  in 
E'low  female  rats  or  in  young  bom  to  them. 

We  have  previously  reported  (4)  that  the  weight  of  the  thyroids  of  male  rats  de^ 
ficient  in  vitamin  E  for  6  months  or  more  was  approximately  twice  that  of  normal 
controls,  whereas  the  weight  of  thyroids  from  female  E-deficient  rats  was  not  sig¬ 
nificantly  different  from  that  of  normals  in  any  of  the  age  groups  studied.  The  present 
communication  reports  studies  that  were  made  in  an  effort  to  determine  the  factor  or 
factors  responsible  for  the  thyroid  enlargement  in  the  male  E-deficient  animals. 
These  include  a  histological  study  of  the  thyroid  glands,  determinations  of  the  iodine 
intake,  and  determinations  of  the  basal  metabolic  rate  of  vitamin  E-deficient  male  rats 
and  their  controls. 

MATERIALS  AND  METHODS 

The  diet  used  to  produce  the  vitamin  E-deficiency  was  the  E-low  diet  (diet  427) 
of  Evans  et  al.  (5,  6).*  Rats  from  our  own  colony,  which  are  of  the  Sprague-Dawley 
strain,  were  used.  They  were  placed  on  the  E-deficient  diet  at  one  month  of  age  and 
were  maintained  on  that  diet  for  3,  6,  12  and  16  months.  One  group  of  rats  on  the 
E-deficient  diet  was  fed  a  daily  supplement  of  wheat  germ  oil®  from  a  syringe  (0.2  cc. 
per  day  for  the  first  3  months,  and  0.3  cc.  for  the  following  3  months). 

The  thyroids  which  were  prepared  for  histological  examination  were  obtained 
from  the  E-deficient  and  normal  animals  reported  previously  (4).  They  were  fixed  in 
Bouin’s  fluid,  sectioned  at  6fi  and  stained  with  hematoxylin  and  eosin  for  study. 

The  iodine  content  of  the  E-deficient  diet,  the  normal  stock  diet  (Wayne  dog 
chow),  and  the  drinking  water  (from  Lake  Mendota),  was  determined  in  order  to 
compare  the  iodine  intake  of  the  two  groups  of  rats.  The  method  used  was  that  of 
Matthews,  Curtis  and  Brode  (7). 

Determinations  of  the  basal  metabolic  rate  of  E-deficient  and  normal  rats  were 
Received  for  publication  January  10, 1942. 

*  This  study  was  supported  by  a  grant  from  the  Wisconsin  Alumni  Research  Foundation.  Assistance 
was  also  furnished  by  the  personnel  of  the  W.P.A.  Official  Project  No.  65-1-53-2349. 

*  We  are  indebted  to  Mr.  E.  A.  Webb  of  the  Anheuser-Busch  Ckj.,  St.  Louis,  Mo.,  for  the  dried 
brewers’  yeast  used  in  the  diet. 

*  We  wish  to  thank  Mr.  A.  E.  Pacini  of  the  Archer-Daniels-Midland  Ck).,  Minneapolis,  Minn.,  for 
the  generous  supply  of  wheat  germ  oil. 
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made  with  an  apparatus  of  the  closed  circuit  type,  which  was  constructed  with  a  few 
modifications  from  the  apparatus  described  by  Foster  and  Sundstroem  (8).  In  making 
the  determinations,  each  test  was  made  for  a  period  of  one  hour  on  3, 4  or  5  successive 
days.  In  table  2,  the  caloric  production  represents  the  mean  number  of  calories  pro- 
duced  by  the  total  number  of  rats  in  each  group  when  tested  the  specified  number  of 
times.  For  example,  the  3  rats  E^deficient  for  months  were  tested  4  different 
times,  hence  the  caloric  production  represents  the  mean  of  12  different  determina' 
tions.  TTie  figures  for  the  remaining  groups  were  obtained  in  the  same  manner.  The 
animals  were  fasted  18  hours  before  each  test  was  made,  and  the  animal  chambers 
were  maintained  at  a  constant  temperature  of  28°C.  during  the  determinations.  The 


Table  1.  Thyroid  weights  of  male  rats 


Treatment  of  Rats 

Age 

No.  of 
Rats 

Mean  Body 
Wt.±S.E. 

1 

Mean  Thyroid 
Wt.±S.E. 

Thyroid  Wt. 
per  100  gm. 
Body  Wt. 

Normal 

mo. 

gm. 

mg. 

mg. 

4 

26 

24y±  4.88 

12±0.  J2 

4-9 

E-def.,  J  mo. 

4 

37 

3io±  6.17 

i5±o.  j6 

4.8 

NOTmal 

7 

3* 

326±  7.80 

*5±o.44 

4.6 

E-def.,  6  mo. 

7 

30 

3*3±  7-05 

32+0.85 

10.2 

E-def.+wheat  germ  oil,*  6  mo. 

7 

32 

392+  6.72 

20+0.50 

5-* 

E-def. -|-iodine,*  6  mo. 

7 

10 

J00+ 10.22 

18+1.56 

6.0 

E-def. 4- iodine,*  6  mo. 
E-dcf.+iodin^-|- wheat  germ 

7 

8 

286+  6.44 

16+0.79 

5.6 

oil,*  6  mo. 

7 

4 

402+14.39 

18+2.06 

4-4 

Normal 

*j 

23 

370±  9.83 

17+0.64 

4-5 

E-def.,  12  mo. 

*j 

28 

307+  8.52 

25  +  0.65 

8.1 

E<Ief.,  15  mo. 

16 

7 

288+19.73 

26+1.85 

9.0 

*  0.2  cc.  per  day  for  the  Erst  j  months  and  0.3  cc.  for  the  following  j  months. 

*  0.008  gm.  of  KI  per  100  gm.  of  ration  added. 

*  0.0017  gm.  of  KI  per  100  gm.  of  ration  added. 


basal  heat  production  is  expressed  as  calories  per  square  meter  of  body  surface  per 
hour  and  was  calculated  by  the  method  of  Boothby  and  Sandiford  (9).  The  body  sur¬ 
face  of  the  rats  was  calculated  from  the  formula  given  by  Benedict  (10,  ii).  The 
caloric  production  was  analysed  statistically  by  means  of  analysis  of  variance  (12), 
and  the  values  obtained  were  examined  for  statistical  significance  by  the  use  of  the 
probability  tables  of  Davenport  and  Ekas  (12). 


RESULTS  AND  DISCUSSION 

The  thyroids  of  the  rats  maintained  on  the  vitamin  E-deficient  diet  for  3  months 
did  not  appear  to  be  different  from  those  of  normal  controls  when  examined  histo¬ 
logically.  Neither  was  there  a  significant  difference  in  the  weight  of  the  thyroids  of 
these  two  groups  (table  i). 

The  thyroids  of  the  6-month  E-deficient  rats,  however,  appeared  to  be  much  more 
active  than  those  of  normal  animals  of  the  same  age  for  the  follicular  epithelium  was 
increased  in  height  and  the  colloid  within  the  follicles  was  undergoing  rapid  resorp¬ 
tion.  Some  of  the  follicles  were  completely  devoid  of  colloid.  Moreover,  the  vascu¬ 
larity  of  the  glands  was  greatly  increased.  As  the  data  in  table  i  show,  the  thyroids 
of  these  rats  weighed  32  mg.,  whereas  those  of  normal  controls  weighed  15  mg.  This 
difference  was  statistically  significant.  Correlated  with  the  increased  weight  and 
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histological  activity  was  a  highly  significant  increase  in  the  metabolic  rate^  of  the 
E'deficient  rats  when  compared  with  normals  (table  2). 

The  thyroids  of  the  la^month  E'deficient  rats  likewise  were  more  active  histo- 
logically  than  those  of  normals.  The  thyroids  of  the  former  appeared  to  be  actively 
secreting  and  resorbing  colloid.  The  follicular  epithelium  was  composed  chiefly  of 
cuboidal  cells,  although  some  follicles  had  a  columnar  epithelium.  Some  of  the  follicles 
at  the  periphery  of  the  gland  were  moderately  distended  with  colloid.  The  weight 
of  the  thyroids  of  the  i2'month  E-deficient  rats  was  significantly  greater  than  that  of 
normals  of  the  same  age  (table  i).  Basal  metabolic  rate  determinations  were  not  made 


Table  2.  Basal  metabolism  determinations  of  male  rats 


Treatment  of  Rats 

Age,  mo. 

No.  rats 

Number 
tests  per  | 
rat 

Mean  calo- 
ries'/sq.M./hr. 

Probability 

E-def.,  ij  mo. 

ai 

5 

mWm 

>.oy 

Normal 

al 

2 

E-def.,  6  mo. 

7 

5 

37 -61 

<.01 

Normal 

7 

2 

1 

31-84 

E-def.,  10  mo. 

11 

5 

36.60 

<.oy 

Normal 

11 

2 

30-99 

E-def.,  11  mo. 

16 

5 

43-45 

<.01 

Normal 

16 

2 

36-54 

E-def. -Hwheat  germ  oil,  4  mo. 

5 

5 

36.14 

>.oy 

Normal 

5 

2 

33-36 

E-def. + wheat  germ  oil,  6  mo. 

7 

5 

35-76 

>.05 

Normal 

7 

2 

3a-40 

E-def. -biodine,*  6  mo. 

7 

5 

34-6j 

>.oy 

Normal 

2 

32.31 

E-dcf.+iodine*-l- wheat  germ  oil, 

6  mo. 

7 

5 

33-08 

>.05 

Normal 

7 

2 

33-06 

E-def.+iodine,’  6  mo. 

7 

2 

33-13 

>.05 

Normal 

7 

2 

BH 

33-30 

‘  This  figure  represents  the  mean  number  of  calories  produced  by  the  total  number  of  rats  in  each 
group  as  determined  from  the  specified  number  of  tests. 

*  0.008  gm.  of  KI  per  100  gm.  of  ration  added. 

*  0.0017  gm.  of  KI  per  too  gm.  of  ration  added. 

at  this  age,  but  the  basal  heat  production  of  rats  deficient  in  vitamin  E  for  10  and  15 
months  was  significantly  higher  than  that  of  normals  (table  2),  hence  it  would  seem 
that  the  basal  metabolic  rate  would  likewise  be  increased  in  the  i2'month  E-deficient 
animals. 

The  thyroids  of  the  15'month  E-deficient  males  showed  a  moderate  resorption  of 
colloid.  Some  of  the  follicles  were  distended  with  colloid  and  had  a  flattened  epi¬ 
thelium.  The  thyroid  weight  of  these  animals  was  26  mg.  (table  i).  The  basal  meta- 
bob'c  rate  ako  was  significantly  increased  over  that  of  normak,  as  is  shown  in  table  2. 

As  previously  reported  (4),  there  was  no  increase  in  the  weight  of  the  thyroids 

*  A  probability  value  of  >  0.05  was  considered  to  be  statistically  nonsignificant,  0.01  to  0.05  signifi¬ 
cant,  and  <0.01  highly  significant  or  indicative  of  a  real  difference. 


554 


CLYDE  BIDDULPH  AND  ROLAND  K.  MEYER 


Volume  JO 


of  female  rats  maintained  on  the  vitamin  E'deficient  diet  for  as  long  as  12  months. 
Histological  examination  of  the  thyroids  likewise  did  not  demonstrate  any  consistent 
difference  between  the  glands  of  the  E'deficient  and  the  normal  females.  Furthermore, 
basal  metabolism  determinations  did  not  show  a  significant  difference  between  the 
basal  heat  production  of  la-month  E'deficient  females  and  normal  controls  of  the 
same  age.  Regardless  of  the  fact  that  the  female  E'deficient  rats  were  fed  the  same  diet 
as  the  males,  the  thyroid  changes  obtained  in  the  males  did  not  appear  in  the  females. 
A  possible  explanation  of  this  difference  might  be  furnished  by  the  different  effects 
of  the  E'deficiency  in  the  two  sexes.  In  the  male,  the  symptoms  of  the  deficiency  were 
widespread  by  3  months’  time,  for  the  testes,  pituitary  and  adrenals  were  all  affected 
(4).  After  6  months,  the  thymus  and  thyroids  were  also  involved,  and  by  the  tenth 
month  the  gross  symptoms  of  the  typical  muscular  dystrophy  of  E-deficient  animals 
had  appeared.  In  the  nonpregnant  female,  on  the  other  hand,  no  detectable  deficiency 
symptoms  appeared,  except  the  muscular  dystrophy  which  was  usually  present  after 
the  rats  had  been  on  the  diet  for  10  months.  Mason  (13)  has  shown  that  there  is  a 
sex  difference  in  the  requirement  of  vitamin  E,  the  males  being  more  susceptible  to  its 
absence,  for  males  deprived  of  vitamin  E  from  birth  require  a  definite  source  of  it 
prior  to  the  40th  to  50th  day  of  age  in  order  to  prevent  irreversible  changes  in  the 
germinal  epithelium,  whereas  the  reproductive  needs  of  the  female  rat  for  vitamin  E 
arise  subsequent  to  conception  and  implantation  which  may  occur  at  any  stage  of  the 
rat's  reproductive  life. 

It  is  well  known  that  puberty,  pregnancy,  lactation,  certain  infections  and  intoxi¬ 
cations  and  certain  diets,  place  an  added  stress  upon  the  animal,  thereby  increasing 
the  need  for  thyroid  secretion.  This  increased  secretion  tends  to  deplete  the  iodine 
stores  of  the  animal,  and  if  additional  iodine  is  not  made  available,  the  thyroid  under¬ 
goes  hypertrophy  and  hyperplasia.  On  the  other  hand,  if  sufficient  iodine  is  supplied 
the  thyroid  is  maintained  in  a  normal  condition  (i  4, 1 5) .  In  the  hght  of  this  knowledge, 
it  would  seem  that  the  developing  E-deficiency  in  the  male  rats  placed  an  added  stress 
upon  the  animal  which  presumably  increased  the  demand  for  thyroid  hormone.  In 
the  absence  of  adequate  iodine,  hyperactivity  of  the  thyroid  would  be  expected  to 
follow.  This  effect  was  obtained  for  the  results  show  a  definite  enlargement  of  the 
glands,  increased  activity  as  determined  by  histological  study,  and  an  increased  basal 
metabolic  rate. 

When  the  diet  was  supplemented  with  wheat  germ  oil,  the  appearance  of  the 
endocrine  imbalance  that  developed  in  the  E-deficient  animals  was  prevented,  for  the 
typical  E-deficiency  symptoms  did  not  appear.  Therefore,  it  would  seem  that  the 
demand  upon  the  thyroids  of  these  animals  was  not  as  great,  and  consequently  the 
gland  would  not  increase  in  size  to  the  same  extent  as  in  the  E-deficient  animals.  This 
result  was  obtained,  for  table  i  shows  that  the  thyroids  of  these  animals  were  only 
slightly  heavier  than  those  of  normals.  Histologically  the  glands  had  a  follicular  epi¬ 
thelium  composed  of  cuboidal  or  columnar  cells  and  there  appeared  to  be  Httle  re¬ 
sorption  of  colloid.  Basal  metabolism  determinations  showed  a  shght  difference  be¬ 
tween  the  experimental  and  normal  rats  at  5  and  7  months  of  age  (table  2),  although 
these  differences  were  not  statistically  significant. 

Because  the  thyroids  enlarged  and  showed  an  increased  activity  histologically 
and  the  basal  metabolic  rate  increased  in  the  male  E-deficient  animals,  it  was  thought 
that  the  diet  did  not  contain  sufficient  iodine  for  the  animals  while  under  the  added 
stress  of  the  E-deficiency.  Consequently  the  E-deficient  and  stock  diets  and  the  drink¬ 
ing  water  were  analyzed  for  their  iodine  content.  The  data  reported  in  table  3  show 
that  the  stock  diet  contained  at  least  four  times  as  much  iodine  as  the  vitamin  E- 
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deficient  diet.®  The  amount  of  iodine  in  the  drinking  water  is  almost  negligible,  being 
only  4  micrograms  per  liter,  or  0.004  Mg-  per  cc. 

In  order  to  calculate  the  daily  iodine  intake  of  the  normal  and  E'deficient  rats,  the 
daily  food  and  water  intake  was  determined.  The  average  daily  food  and  water  intake 
of  a  group  of  10  E-deficient  rats  approximately  6  months  of  age  and  weighing  an  aver¬ 
age  of  319  gm.,  was  found  to  be  15  gm.  and  26.7  cc.  per  rat  respectively.  This  is  an 
intake  of  0.047  g™-  and  0.083  cc-  per  gram  of  body  weight.  From  these  figures  it  was 
calculated  that  the  E-deficient  rats  had  a  daily  iodine  intake  of  approximately  0.0618 
mg.  Normal  rats  having  the  same  body  weight  and  consuming  the  same  amount  of 
food  and  water  would  have  a  daily  iodine  intake  of  approximately  0.261  mg. 


Table  j.  Determination  of  iodine 


Iodine  content,  in  micrograms 

Specimen 

Trials 

Average  of 
trials 

Actual  content 
(Av.  minus  reag.) 

Reagents 

1.2696 

1.2696 

1.5446 

1-3613 

1  2.5  gm.  E-def.  ration 

11.1148 

12.0612 

11.6543 

10.2930 

11.7868 

2.5  gm.  stock  ration 

1 

45.7056 

48.6680 

40.2040 

44.8592 

43-4979 

2  liters  drinking  water 

9.0988 

10.1568 

9.6278 

8.2665 

38.225  fig.  iodine  added  as  KI 

40.2040 

38.511a 

39-3576 

37-9963 

The  foregoing  figures  of  iodine  intake  are  calculated  on  the  basis  of  an  average 
body  weight  of  319  gm.  Consequently,  the  iodine  intake  of  the  rats  at  the  beginning 
of  the  experiment  would  be  much  less.  For  example,  an  E-deficient  rat  weighing  100 
gm.  (which  was  the  approximate  average  body  weight  at  the  beginning  of  the  experi¬ 
ment)  and  consuming  0.047  gm.  of  food  and  0.083  cc.  of  water  per  gram  of  body 
weight,  would  have  a  daily  iodine  intake  of  approximately  0.019  mg.,  whereas  a 
100-gm.  normal  rat  would  have  a  daily  iodine  intake  of  0.080  mg. 

Levine,  Remington  and  von  Kolnitz  (16)  state  that  a  minimum  of  approximately 
0.002  mg.  of  iodine  per  rat  per  day  is  required  to  maintain  a  normal  thyroid  in  young 
rats  weighing  60  gm.  that  were  placed  on  an  iodine-low  diet  at  3  to  4  weeks  of  age 
and  continued  for  5  weeks.  The  rats  in  the  present  study  were  placed  on  the  E- 
deficient  diet  at  approximately  5  weeks  of  age,  but  were  continued  for  much  longer 
periods  of  time.  Furthermore,  they  were  using  normal  rats,  whereas  we  were  dealing 
with  rats  under  the  added  stress  of  a  vitamin  deficiency,  which  would  increase  the 
iodine  requirement. 

*  We  are  indebted  to  Dr.  George  M.  Curtis,  Department  of  Research  Surgery,  Ohio  State 
University,  for  checking  the  iodine  content  of  the  stock  diet.  The  method  used  by  us  was  published 
from  his  lateratory.  His  analysis  showed  2.058  mg.  per  cent  of  iodine,  whereas  ours  showed  1.740  mg.  per 
cent,  a  difference  of  15  per  cent  between  the  two  determinations.  Dr.  Curtis  stated,  however,  that  they 
used  a  preUminary  oxidation  which  always  yields  higher  iodine  values  than  when  this  procedure  is  not 
used.  This  preliminary  oxidation  was  not  used  by  us. 


I 


yy6  CLYDE  BIDDULPH  AND  ROLAND  K.  MEYER  Volume  50 

Iodine  supplements  were  added  to  the  diet  to  determine  whether  or  not  the 
changes  in  the  thyroid  of  the  E^deficient  animals,  could  be  prevented  by  the  addition 
of  iodine.  Two  different  quantities  of  potassium  iodide  were  added.  One  group  of 
rats  (10  animals)  received  a  supplement  of  0.008  gm.  per  100  grams  of  ration,  and  a 
second  group  (8  rats)  received  a  supplement  of  0.0017  gm.  per  100  grams  of  ration. 
The  htter  amount  was  sufficient  to  provide  the  same  quantity  of  iodine  as  was  con¬ 
tained  in  the  normal  stock  diet.  The  thyroid  weight  of  the  rats  of  the  first  group  was 
18  mg.,  that  of  the  rats  of  the  second  group  16  mg.,  after  6  months  of  E-deficiency. 
The  normal  thyroid  weight  was  15  mg.  (table  i).  It  was  impossible  to  distinguish  a 
histological  difference  between  the  thyroids  of  the  E-deficient  rats  supplemented  with 
potassium  iodide  and  their  normal  controls.  Furthermore,  the  basal  metabolic  rate  of 
these  animals  was  not  different  from  that  of  normals  (table  2). 

Another  group  of  animals  received  a  supplement  of  both  wheat  germ  oil  and 
potassium  iodide  (0.008  gm.  per  100  grams  of  ration).  Their  thyroids  were  indis¬ 
tinguishable  histologically  from  those  of  normals,  and  the  thyroid  weight  was  not 
significantly  different  from  that  of  the  control  animals  (table  i).  Basal  metabolism  de¬ 
terminations  of  these  animals  showed  that  there  was  no  difference  between  the  two 
groups  (table  2). 

From  the  foregoing  data,  it  is  apparent  that  the  addition  of  wheat  germ  oil  pre¬ 
vented  the  appearance  of  the  E-deficiency  symptoms,  although  the  hyperthyroid 
condition  was  not  prevented  completely.  However,  the  addition  of  adequate  amounts 
of  iodine  to  the  E-deficient  diet  prevented  hyperthyroid  symptoms  from  becoming  evi¬ 
dent,  but  did  not  prevent  the  appearance  of  the  other  effects  of  vitamin  E-deficiency. 
No  more  beneficial  effects  on  the  thyroid  were  obtained  by  the  addition  of  both  wheat 
germ  oil  and  iodine. 

Salter  states  (17)  that,  “some  investigators  have  concluded  that  the  only  cause  of 
increased  thyroid  activity  is  increased  stimulation  by  the  tropic  factor  of  the  pitui¬ 
tary  gland,  and  that  pituitary  activity  augments  progressively  as  the  iodine  supply 
approaches  zero  or,  conversely,  decreases  as  the  supply  of  iodine  becomes  abundant.” 
These  conclusions  suggest  the  following  explanation  for  the  mechanism  involved  in 
producing  the  hyperactivity  of  the  thyroid  gland  of  the  male  E-deficient  rats:  As  the 
E-deficiency  symptoms  developed,  the  added  stress  created  a  relative  iodine  de¬ 
ficiency.  Consequently  the  pituitary  gland  secreted  an  increased  amount  of  thyro¬ 
tropic  hormone,  which  in  turn  caused  hypertrophy  and  hyperplasia  of  the  thyroid 
gland.  When  the  diet  of  the  rats  was  supplemented  with  iodine,  the  increased  secre¬ 
tion  of  thyrotropic  hormone  was  prevented  and  the  thyroids  remained  hke  those  of 
normals,  although  the  typical  E-deficiency  symptoms  were  present.  Supplementing 
with  wheat  germ  oil  prevented  the  development  of  the  E-deficiency  symptoms  with 
the  attendant  stress  on  the  thyroid.  Under  these  conditions  a  relative  iodine  deficiency 
did  not  appear,  and  consequently  the  thyroids  remained  essentially  like  those  of 
normals. 

Telford  et  al.  (3)  reported  that  the  metabolic  rate  and  thyroid  histology  of  their 
E-deficient  female  rats  was  not  significantly  different  from  that  of  controls.  This  was 
hkewise  true  of  our  female  E-deficient  rats,  but  it  was  not  true  of  the  males.  It  seems 
probable  that  if  our  females  had  been  subjected  to  the  added  stress  of  resorption 
gestations  or  to  muscular  dystrophy  for  long  periods  of  time,  thyroid  changes  similar 
to  those  obtained  in  the  male  rats  would  have  been  found. 

Elmer  (18)  and  Salter  (17)  have  reviewed  the  literature  concerning  the  relationship 
between  the  vitamins  and  the  thyroid  gland.  Apparently  there  is  an  involvement  of 
the  thyroid  in  deficiencies  of  vitamins  A,  the  B  complex,  C  and  D.  Whether  or  not 
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the  thyroid  involvement  in  those  dehciencies  can  be  explained  on  the  basis  of  a  rela¬ 
tive  iodine  deficiency  caused  by  the  added  stress  of  inadequate  vitamins,  is  not  clear 
but  the  evidence  is  at  least  suggestive. 

SUMMARY 

The  thyroids  of  male  rats  deficient  in  vitamin  E  for  6, 12  and  1 5  months  were  more 
active  as  shown  by  histological  study  and  were  heavier  than  the  thyroids  of  normal 
controls  of  the  same  age.  Correlated  with  these  thyroid  changes  there  was  a  statisti¬ 
cally  significant  increase  in  the  basal  metabolic  rate  of  rats  maintained  on  the  E-defi- 
cient  diet  for  6  months  or  more.  These  effects  of  vitamin  E-deficiency  were  largely 
prevented  by  supplementing  the  diet  with  wheat  germ  oil. 

Analyses  of  the  E-deficient  and  normal  diets  and  the  drinking  water  showed  that 
the  E-deficient  rats  received  only  about  one-fourth  as  much  iodine  as  the  normal 
rats.  The  addition  of  sufficient  iodine  to  the  E-deficient  diet  to  provide  the  same 
amount  as  was  contained  in  the  normal  diet,  or  the  addition  of  more  than  this 
amount,  maintained  normal  thyroid  weight  and  histology  and  the  metabolic  rate  at 
the  normal  level.  Therefore,  the  changes  in  the  thyroid  and  increased  metabolism 
are  ascribed  to  a  relative  iodine  deficiency  rather  than  to  a  direct  effect  of  vitamin 
E-deficiency. 

We  wish  to  thank  Dr.  C.  A.  Herrick  of  the  Department  of  Zoology  for  the  use  of  the  metabolism 
apparatus. 
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ACTION  OF  PATHOLOGICAL  THYROIDS  FROM  RABBITS 
AND  SHEEP  ON  METABOLISM  AND  HEART  RATE  IN 
THYROIDECTOMI2ED  RATS 

ARTHUR  E.  MEYER  and  DAVID  MARINE 
From  the  Research  Laboratories  of  The  Maltine  Company  and  the 
Laboratory  Division  of  the  Montefiore  Hospital 

NEW  YORK  CITY 

The  observation  that  the  heart  rate  of  the  thyroidectomized  rat  is  not  equally 
accelerated  after  feeding  quantities  of  thyroid  material  having  equal  metabolic 
potency  was  first  made  when  the  action  of  commercial  dried  thyroid  substance 
was  compared  with  that  of  a  purified  thyroid'globulin  fraction  (i).  The  former  ma' 
terial  produced  a  heart  rate  approaching  or  exceeding  that  of  the  normal  animal  at 
metabolic  responses  which  remained  below  the  level  of  the  normal  rat,  whereas  the 
reverse  was  found  when  the  thyroid  globulin  was  used.  Subsequent  investigations 
showed  that  thyroids  from  normal  animals  (pig,  rabbit,  rat,  and  man)  behave  essen- 
tially  like  the  thyroid'globulin,  but  that  hyperplastic  thyroids  obtained  by  surgery 
from  patients  with  Grave’s  disease  have  an  effect  similar  to  that  of  the  commercial 
thyroid  substance  (2).  Only  one  hyperplastic  thyroid  had  been  available  from  a  patient 
who  had  not  been  treated  with  iodine  preceding  operation,  and  as  that  gland  had 
little  effect  on  the  heart  rate,  the  question  remained  open  as  to  whether  one  was  deal' 
ing  with  a  characteristic  inherent  in  certain  types  of  hyperplastic  glands  or  with  an 
effect  caused  by  iodinization.  In  support  of  the  latter  theory  is  the  observation  that 
the  thyroid  of  normal  animals,  after  iodinization,  showed  an  increased  content  in  that 
hypothetical  substance  (3),  which  for  the  sake  of  convenience  we  shall  name  ‘heart 
accelerator’  factor.  A  correspondingly  reversed  condition  was  found  if  extracts  of  the 
blood  from  normal  persons  and  from  others  with  thyroid  disorders  were  tested  on 
thyroidectomized  rats  (4).  The  heart  accelerator  substance  could  be  demonstrated  in 
blood  from  patients  with  Grave’s  disease,  but  not  in  the  blood  of  normal  individuals 
or  persons  with  nontoxic  goiter.  It  disappeared  from  the  blood  in  Grave’s  disease  as 
a  consequence  of  iodine  treatment  concomitantly  with  the  drop  in  metabolic  rate. 
Whether  or  not  the  heart  accelerator  substance  is  a  normal  constituent  or  a  product  of 
the  thyroid,  ordinarily  present  in  quantities  too  small  to  be  proved  by  these  tests,  is 
still  a  moot  question.  The  quantities  of  blood  used  to  investigate  the  presence  of  the 
heart  accelerator  factor  were  generally  too  small  to  reveal  the  simultaneous  presence 
of  metabolic  hormone,  unless  the  latter  should  be  present  in  pathologically  high 
amounts. 

In  this  investigation  the  interrelationship  of  both  substances  was  studied  with 
reference  to  pathological  structure  and  iodine  content  of  thyroids  from  animals, 
which,  because  of  the  absence  of  any  medication  that  might  alter  their  physiological 
status,  are  more  likely  to  give  a  clear  picture  than  is  the  case  with  human  glands.  The 
species  investigated  were  the  rabbit  and  the  sheep. 
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Pathological  Thyroids  from  Rabbits 

Goiter  can  readily  be  produced  in  male  rabbits  by  keeping  them  on  a  diet  of  dried 
alfalfa,  oats  and  cabbage,  with  or  without  injections  of  methylcyanide  (5,  6).  Any 
contact  with  iodine-containing  material  must  be  carefully  avoided.  Distilled  water  is 
used  as  drinking  water.  The  enlargement  of  the  thyroid  in  these  animals  is  accom' 
panied  by  a  considerable  reduction  in  metabolic  rate  and  usually  conspicuous  exoph¬ 
thalmos. 

Two  goiterous  rabbits  (J^o.  1798  and  1799)  were  thyroidectomized  and  a  small 
specimen  of  the  gland  used  for  microscopical  examination.  The  main  part  was  used  for 
iodine  determination  and  bioassay  on  thyroidectomized  rats.  Our  method  of  testing 
has  been  described  previously  (i,  7),  but  for  convenience  a  brief  recapitulation  is 


Table  1.  Effect  of  feeding  thyroids  of  goiterous  rabbits  1798  and  1799  to  thyroidectomized  rats 


Rat 

No. 

Weight 
of  iGt 

Basal  Metabolic  Rate 

Heart  Rate/Minute 

Before 

Treatment 

After 

Treatment 

Change,  % 

Before 

Treatment 

After 

Treatment 

1  Change 

mg.02/kji/hr. 

1035 

1165 

+  iii 

195 

290 

+95 

10^ 

1080 

0 

I9J 

260 

+67 

1030 

1070 

+4 

197 

157 

+60 

given.  Male  rats  thyroidectomized  at  the  age  of  70  days  are  tested  for  their  metabolic 
and  heart  rates  after  allowing  not  less  than  6  weeks  for  depletion  following  the  opera¬ 
tion.  The  metabolic  rate,  determined  in  a  closed  circuit  Benedict  apparatus,  is  ex¬ 
pressed  in  mg.  of  oxygen  per  hour  per  kg.  It  varies  between  850  and  1200  mg.  O2  in 
the  thyroidectomized  rat,  as  compared  with  1400  to  1600,  mg.  O2  in  the  normal  rat. 

The  determination  of  the  heart  rate  in  rats  requires  some  skill  on  the  part  of  the 
observer.  After  much  experimentation,  it  was  found  that  the  finger  tip  or  a  stetho¬ 
scope  and  a  stopwatch  are  preferable  to  all  electric  recording  devices,  since  the  latter 
necessitate  restraint  of  the  animal.  Forcing  the  animal  into  immobility  produces  ex¬ 
citement,  interfering  with  obtaining  a  basal  heart  rate,  whereas  in  the  other  method 
voluntary  rest  is  easily  induced  after  a  few  seconds  of  caressing  the  animal.  The  heart 
rate  of  the  normal  rat  is  about  300  beats  per  minute,  that  of  the  thyroidectomized  rat 
close  to  200  per  minute. 

Treatment  of  the  standardized  animals  consists  in  oral  administration  of  the  test 
material  on  3  consecutive  days,  calcuhting  the  dose  in  micrograms  of  I  per  10  gm.  of 
body  weight,  if  iodine  values  are  available.  Metabolism  and  heart  rate  are  determined 
again  on  the  fifth  day. 

Rabbit  ?{o.  1798.  Weight  of  the  thyroid  was  0.85  gm.  of  which  0.67  gm.  were  fed  to 
rat  I  in  three  portions.  Microscopic  examination  revealed  a  moderate  hyperplasia 
with  traces  of  colloid.  The  iodine  determination  showed  traces,  below  threshold  of 
quantitative  estimation.  Rabbit  7^o.  1799.  Thyroid  weighed  1.55  gm.  of  which  1.3 
gm.  was  divided  between  rats  2  and  3.  Microscopic  examination  showed  marked  hy¬ 
perplasia,  no  stainable  colloid.  There  were  traces  of  iodine. 

From  the  iodine  content  of  the  rabbits’  thyroids  a  complete  absence  of  metabolic 
substance  was  expected.  However,  the  first  gland  (rabbit  1798)  showed  a  slight  meta¬ 
bolic  effect,  slight  in  view  of  the  observation  that  increases  up  to  8  per  cent  are  within 
the  hmits  of  daily  variations  and  error,  and,  consequently,  a  12^  per  cent  increase  is 
a  very  small  response  to  the  relatively  enormous  dose  of  0.67  gm.  of  thyroid.  This 
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metabolic  efficacy,  however,  was  in  keeping  with  the  presence  of  the  small  quantities 
of  colloid  found  in  this  gland  microscopically.  The  second  thyroid  (rabbit  1799) 
showed  no  colloid  whatsoever.  The  metabolic  effect  was  nil.  In  both  thyroids  a  sig¬ 
nificant  quantity  of  heart  accelerator  factor  was  present,  admittedly,  however,  using 
rather  large  doses  of  ^  gm.  in  each  case.  The  quantitative  interpretation  of  the  heart 
accelerator  effect  meets  with  the  difficulty  that  (a),  strict  proportionality  between 
dose  and  degree  of  response  in  testing  the  same  material  does  not  exist  and  that  b), 
simultaneous  metabolic  stimulation  tends  to  increase  further  the  acceleration  of  heart 
rate  produced  by  the  other  factor.  The  significance  of  the  higher  first  figure,  95,  as 
compared  with  the  following  67  and  60  should  not  be  overestimated. 

From  a  third  goiterous  animal  (rabbit  1767),  the  left  thyroid  lobe  weighing  2.09 


Table  2.  Effect  of  thyroid  of  goiterous  rabbit  1767  on  thyroidectomized  rats 


Rat 

No. 

Weight 
of  Rat 

Total 
dose  of 
gland 

1/ 10  gm. 
/day 

Basal  Metabolic  Rate 

Heart  Rate./minutc 

Before 

Treat¬ 

ment 

After 

Treat¬ 

ment 

Change 

Before 

Treat 

ment 

After 

Treat¬ 

ment 

Change 

gm. 

gm. 

Mg- 

mg.Oi/^g./hr. 

% 

4 

215 

I.O^ 

XIOO 

1220 

-f  10 

196 

257 

+61 

5 

170 

I.O^ 

980 

1125 

+  15 

195 

250 

+  55 

6 

185 

.91* 

3-5 

915 

1410 

+54 

195 

315 

+  120 

7 

130 

.58* 

3-2? 

930 

1400 

+50 

194 

267 

+71 

8 

150 

•07’ 

.36 

970 

1200 

+24 

195 

240 

+  45 

9 

200 

.15’ 

•  55 

925 

1125 

+22 

195 

257 

+61 

10 

170 

.05* 

.22 

1050 

1270 

+21 

194 

240 

+46 

*  First  lobe. 

*  Second  lobe. 


gm.  was  removed.  As  these  actively  hyperplastic  glands  contain  practically  no  iodine 
and  relatively  large  quantities  are  required  for  analysis,  no  determination  was  made, 
in  order  to  save  as  much  material  as  possible  for  bioassay.  Immediately  after  the  opera- 
tion  the  rabbit  was  given  a  single  dose  of  5  Mg.  of  KI  intraperitoneally,  and  two  days 
later  the  second  lobe  was  removed.  This  lobe  weighed  2.7  gm.  and  contained  0.022 
per  cent  of  iodine. 

In  the  bioassay  of  the  second  lobe,  the  doses  were  calculated  by  using  the  iodine 
content  as  a  guide.  In  our  experience  fully  active  thyroid  material  gives  approximately 
a  30  per  cent  metabohc  increase  if  fed  at  a  rate  of  0.6  fig.  of  iodine  per  10  gm.  of  test 
rat  for  three  days.  Higher  dosages  do  give  higher,  but  not  proportionately,  higher  re¬ 
sponses. 

Rats  4  and  5  were  treated  with  portions  of  left  lobe  of  the  thyroid  of  rabbit  1767 
taken  before  treatment.  Rats  7,  8,  9  and  10  received  parts  of  right  lobe  taken  follow¬ 
ing  iodine  treatment.  Microscopic  examination  of  the  left  lobe  (control)  revealed 
follicles  which  were  small  with  no  infoldings;  the  epithelium  was  high  cuboidal  and 
thin;  faintly  staining  colloid  material  was  present  in  most  of  the  follicles.  A  diagnosis 
of  moderate  hyperplasia,  slowly  and  spontaneously  involuting  was  made.  The  right 
lobe  contained  follicles  which  were  small  and  rounded.  The  epithelium  was  cuboidal 
and  all  follicles  contained  fairly  uniform,  well-staining  colloid  giving  a  diagnosis  of 
colloid — early  hyperplasia,  rapidly  involuting. 

It  appears  that  the  first  lobe  of  the  thyroid  of  rabbit  1767  was  very  similar  to  the 
thyroid  of  the  first  animal  both  in  histological  structure  and  in  physiological  potency, 
giving  an  average  metabolic  increase  of  12^  percent  and  heart  acceleration  by  about 
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60  beats.  The  whole  picture  changed  after  iodine  treatment  of  this  animal.  The  gland 
now  contained  a  fair  amount  of  iodine.  The  follicular  epithelium  had  regressed  from 
high  cuboidal  to  cuboidal  and  the  stained  colloid  was  more  normal  in  appearance. 
The  metabolic  activity  was  found  to  be  in  reasonable  correlation  with  the  iodine 
content.  It  is  a  known  fact  that  administered  iodine  is  quickly  absorbed  in  the  thyroid; 

Table  3.  Effect  of  pathological  sheep  thyroids  on  heart  rate  and  metabolism 

OF  THYROIDECTOMIZED  RATS 


From 

Sheep 

No. 

Assay  on  Rat 

Basal  Metabohc  Rate 

Heart  Rate, /minute 

No. 

Wt. 

Total 

Amount 

Thyroid 

Before 

Treat' 

ment 

After 

Treat' 

ment 

Change 

Before 

Treat' 

ment 

After 

Treat' 

ment 

Change 

■1 

gtn. 

mg. 

mg.Oi/kg./hr. 

% 

140 

3a 

980 

1445 

+45 

194 

315 

+31 

Kl 

120 

31 

1000 

lyio 

+51 

195 

210 

+  15 

■9 

120 

71 

940 

1600 

+^ 

197 

210 

+  13 

9 

14 

135 

188 

990 

1110 

+  13 

193 

357 

+64 

9 

15 

130 

*43 

985 

990 

00 

193 

360 

+67 

9 

16 

300 

80 

900 

1000 

+II 

195 

377 

+83 

10 

17 

155 

34 

1000 

1380 

+38 

199 

315 

+  16 

10 

18 

175 

28 

900 

1190 

+3a 

198 

212 

+  14 

10 

19 

180 

89 

1050 

1310 

+a5 

197 

220 

+13 

10 

20 

130 

135 

1000 

1435 

+43-5 

196 

220 

+14 

10 

21 

200 

379 

965 

1505 

+53 

1^ 

315 

+  19 

11 

22 

140 

120 

1000 

1090 

+9 

195 

198 

+3 

11 

13 

210 

515 

1045 

1070 

+a 

191 

199 

+8 

11 

24 

150 

300 

1110 

1110 

0 

200 

200 

+0 

11 

25 

I?0 

156 

910 

980 

+8 

195 

200 

+4 

13 

26 

145 

100 

995 

960 

-4 

197 

225 

+38 

13 

37 

110 

73 

940 

1000 

+7 

196 

205 

+9 

13 

38 

200 

150 

1055 

1020 

-3 

194 

197 

+3 

13 

39 

150 

160 

1050 

1005 

-4 

197 

195 

—  2 

13 

30 

135 

380 

930 

1000 

+9 

195 

200 

+5 

15 

31 

165 

450 

1005 

1020 

+  i 

198 

210 

+  13 

15 

3a 

180 

140 

920 

945 

+3 

194 

315 

+  19 

I? 

33 

160 

360 

980 

950 

-3 

200 

225 

+15 

ly 

34 

185 

103 

970 

995 

+3 

195 

222 

+17 

16 

35 

175 

135 

920 

1040 

+  13 

198 

310 

+  11 

16 

36 

135 

395 

1060 

1355 

+a8 

196 

220 

+14 

16 

37 

175 

97 

900 

1005 

+  13 

189 

210 

+11 

16 

38 

160 

490 

900 

1060 

+  18 

197 

212 

+  15 

16 

39 

150 

400 

930 

1165 

+15 

200 

210 

+  10 

after  a  few  hours  the  gland  shows  involution  histologically  and  an  increased  physiO' 
logic  activity  as  determined  by  metamorphosis  of  tadpoles  (8,  9).  The  thyroxin  con- 
tent  also  has  been  shown  to  be  increased  in  such  glands  (10).  Whether  or  not  there  is 
an  accumulation  of  the  heart  accelerator  factor  is  doubtful.  The  dose  in  rat  6  was 
approximately  the  same  as  that  given  from  the  first  lobe  before  iodinization.  In  view  of 
the  suspected  synergy  by  which  the  metabolic  hormone  augments  the  response  to  the 
second  factor,  it  is  questionable  whether  the  increase  of  120  beats  per  minute  should 
be  attributed  to  a  higher  content  in  this  substance.  The  dose  given  to  rat  7  is  compat' 
able  to  those  used  in  the  rats,  data  for  which  are  shown  in  the  first  table;  it  is  evident 
that  the  heart  stimulation  is  within  the  same  range. 

Pathological  Thyroids  from  Sheep 

Thyrqid  hyperplasia  in  sheep  is  found  occasionally  as  a  spontaneous  development 
among  the  animals  slaughtered  in  the  early  spring  months.  During  the  rest  of  the  year 
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this  occurrence  is  rather  rare.  Such  hyperplastic  sheep  thyroids  were  received  from 
the  packing  house'  with  dry  ice  and  were  kept  in  frozen  state  until  used.  Selection  of 
the  glands  for  testing  was  made  after  their  classification  had  been  determined  by 
histological  examination. 

Description  of  sheep  thyroids  assayed.  Sheep  6,  epithelium  flat  cuboidal,  colloid  dense. 
Diagnosis :  colloid  goiter.  Analysts ;  ij  per  cent  dry  substance,  0.92  per  cent  iodine  in  dry 
substance. 

Sheep  9,  colloid  practically  absent.  Moderate  autolysis.  Epithelium  high  columnar.  Marked 
infoldings.  Diagnosis:  marked  hyperplasia.  Analysis;  17.17  per  cent  dry  substance.  No 
iodine  detectable  in  0.8  gm.  of  dry  substance. 

Sheep  10,  colloid  abundant.  Epithelium  flat  cuboidal.  Follicles  enlarged.  Diagnosis :  cob 
loid  goiter.  Analysis :  27.8  per  cent  dry  substance.  Iodine  in  dry  substance  0.686  per  cent. 

Sheep  II,  colloid  practically  absent.  Epithelium  high  columnar.  Marked  infoldings.  Diag' 
nosis:  marked  hyperplasia.  Analysis;  16.3  per  cent  dry  substance.  No  iodine  in  0.65  gm.  of 
dry  substance. 

Sheep  13,  colloid  practically  absent.  Epithelium  columnar;  marked  infoldings.  Diagnosis; 
marked  hyperplasia.  Analysis ;  16.6  per  cent  dry  substance.  No  iodine  detected  in  0.36  gm.  of 
dry  substance. 

Sheep  15,  colloid  practically  absent.  Epithelium  high  columnar;  marked  infoldings.  Diag' 
nosis ;  marked  hyperplasia.  Analysis :  16.76  per  cent  dry  matter.  No  iodine  in  0.67  gm.  of  dry 
matter. 

Sheep  16,  colloid  reduced.  Epithelium  high  cuboidal  to  columnar.  Slight  infoldings. 
Diagnosis:  early  moderate  hyperplasia.  Analysis:  13.35  per  cent  of  dry  matter.  Iodine  in  dry 
substance,  0.018  per  cent. 

The  results  obtained  with  thyroids  from  sheep  6  and  10  which  were  rich  in  colloid, 
with  flat  epithelium  and  high  iodine  content  (colloid  or  resting  glands)  were  perfectly 
in  agreement  with  findings  obtained  with  normal  thyroids.  The  metabolic  effect  was 
quite  significant  and  roughly  related  to  the  iodine  content,  but  there  was  no  effect  on 
the  heart  rate.  In  that  respect,  there  was  a  difference  from  the  second  thyroid  lobe  of 
the  iodine'treated  rabbit  1767.  Thyroids  from  sheep  ii,  13,  15  were  hyperplastic  by 
their  microscopical  appearance,  but  they  did  not  contain  demonstrable  physiologically 
active  material.  Although  not  in  a  resting  stage,  these  thyroids  had  been  unable  to 
store  any  reserves  of  their  secretion.  Thyroid  from  sheep  g  corresponded  to  the  rabbit 
thyroids  (rabbits  1798  and  1767,  control  lobe);  it  gave  a  weak,  dubious  metabolic  ef' 
feet,  the  difference  between  the  various  test  rats  being  explained  by  assuming  that  the 
small  amount  of  potent  material  was  not  equally  distributed  through  the  gland.  But 
every  part  of  the  thyroid  administered  to  the  test  animals  showed  a  very  definite 
action  on  the  heart.  It  may  be  concluded  that  this  gland  had  not  reached  the  degree 
of  deficiency  found  in  glands  from  sheep  ii,  13,  and  15. 

Thyroid  from  sheep  16  showed  a  deficiency  in  heart  accelerator  activity  but  there 
was  a  residual  activity  in  the  direction  of  stimulating  metabolism.  Histologically, 
there  was  a  small  amount  of  colloid,  the  epitheUum  was  of  low  columnar  type;  iodine 
was  present  in  small  quantity.  In  accord  with  this,  relatively  large  doses  produced 
metabolic  increases,  but  only  a  slight  acceleration  of  the  heart  rate.  This  gland  re 
sembles  the  thyroids  from  sheep  6  and  10. 

Within  the  limits  of  this  investigation  it  can  be  concluded  that  the  metabolic  po- 
tency  of  thyroid  tissue  is  dependent  on  the  presence  of  iodine  and  colloid.  If  the  meta' 
bolic  potency  is  high,  the  heart  accelerating  effect,  as  a  rule,  is  comparatively  low.  In 
the  highest  degrees)of  thyroid  deficiency,  with  complete  absence  of  colloid,  the  heart 

‘  We  are  indebted  to  Wilson  Si  Company,  Chicago,  for  collecting  enlarged  sheep  glands  especially 
for  this  work  and  to  Dr.  E>avid  Klein  of  the  Wilson  Lateratories,  for  making  the  necessary  arrangements. 
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accelerator  factor  may  be  absent  also,  in  which  cases  the  thyroid  material  is  inert  if 
given  to  other  animals.  However,  there  are  glands  showing  no  or  an  insignificant 
stimulation  of  metabohsm  which  have  a  definite  action  on  the  heart  rate.  After  a  sin' 
gle  feeding  of  iodine  to  the  animal  possessing  that  type  of  thyroid  gland  the  metabolic 
potency  immediately  grows  quite  prominent,  but  apparently  there  is  little  change  in 
the  quantity  of  the  heart  accelerator  factor  present. 

SUMMARY 

The  investigation  of  goiterous  thyroids  from  rabbits  and  sheep  shows  that  the 
metabolic  effect  in  assays  on  thyroidectomized  rats  depends  on  the  presence  of  iodine 
and  colloid.  Glands  of  the  type  investigated,  containing  colloid,  had  little  effect  on 
the  heart  rate.  In  actively  hyperplastic  glands  without  colloid  the  heart  stimulating 
factor  may  be  present  with  more  or  less  complete  absence  of  metabohc  effect.  A  single 
feeding  of  iodine  to  a  rabbit  having  the  latter  type  of  gland,  within  two  days,  led  to 
an  accumulation  of  iodine  in  the  gland  and  a  proportionate  appearance  of  metabolic 
hormone,  but  without  demonstrable  change  in  the  quantity  of  the  heart  accelerator 
factor.  Sheep  thyroid  glands  with  actively  hyperplastic  structure  and  no  colloid 
showed  no  demonstrable  physiologic  effects  in  the  test  animal. 
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EFFECTS  OF  THYROIDECTOMY  UPON  THE  EXCRETION 
AND  RETENTION  OF  CREATINE  AND  CREATININE  IN 
THE  MALE  RAT 

CHARLES  GLASERi 

From  the  Department  of  Physiology  and  Biochemistry,  Rutgers  University 

NEW  BRUNSWICK,  NEW  JERSEY 

IN  A  PRELIMINARY  STUDY  AUisoD,  Glascr  and  Leonard  (i)  proved  that  thyroidec' 
tomy  decreased  the  excretion  of  creatine  in  the  male  rat.  They  suggested  that 
the  decrease  in  creatine  excretion  might  be  accompanied  by  an  increase  in  the 
excretion  of  creatinine.  Allison  and  Leonard  (2)  confirmed  the  effect  of  thyroidectomy 
on  the  excretion  of  creatine  in  female  rats,  but  fiiiled  to  note  any  changes  in  the 
excretion  of  creatinine.  Further  work  was  undertaken  to  determine  the  following: 
a),  if  the  excretion  of  creatine  or  creatinine  could  be  used  as  a  measure  of  hypothy' 
roidism  in  the  male  rat;  b),  if  any  changes  in  the  excretion  of  creatine  were  reflected 
by  corresponding  changes  in  the  excretion  of  creatinine;  c),  if  any  relation  existed 
between  the  tissue  creatine  content  and  function  of  the  thyroid  gland;  and  d),  if 
changes  in  the  excretion  of  creatine  or  creatinine  could  be  accounted  for  by  creatine 
changes  in  the  tissues. 

METHODS 

Adult  male  rats,  weighing  from  250  to  350  gm.,  of  the  Long  Evans  strain,  were 
employed  in  this  study.  Purina  dog  chow  and  Sherman  6(3)  diets  were  used.  To  study 
the  excretion  of  creatine  and  creatinine,  the  rats  were  placed  in  individual  metabolism 
cages  for  a  period  of  one  week  before  collecting  urine  samples  for  analysis,  after  which 
the  urine  samples,  free  from  feed  and  feces,  were  collected  under  toluene  daily.  At 
the  end  of  a  24'hour 'collection  period  each  metabolism  cage  was  washed  with  dis' 
tilled  water  which  was  added  to  the  urine  sample.  The  sample  was  filtered  into  a  100 
cc.  volumetric  flask  and  the  filtrate  diluted  to  volume.  Creatine  and  creatinine  were 
determined  using  Folin’s  microcolorimetric  methods^  (4).  Total  creatinine  was  deter' 
mined  by  first  autoclaving  the  urine  sample  in  picric  acid.  The  tissue  creatine  content 
of  normal  and  thyroidectomized  rats  was  determined  by  the  method  of  Rose,  Helmar 
and  Chanutin  (5). 

The  probable  errors  were  calculated  for  the  averages  obtained  from  the  analyses 
of  the  urines  and  tissues  of  each  group  of  rats.  Whenever  the  significance  of  slight 
differences  between  two  of  these  averages  was  to  be  determined,  Fisher’s  method  of 
analysis  (6)  was  used.  By  this  method  the  probability  (the  ‘P’  value)  that  differences 
were  significant  could  be  estimated.  Fisher  has  suggested  that  a  significant  difference 

Received  for  publication  January  22,  1942. 

*  The  data  presented  are  taken  from  a  thesis  presented  in  partial  fulfillment  of  the  requirements  for 
the  degree  of  Doctor  of  Philosophy  in  the  Department  of  Physiology  and  Biochemistry,  Rutgers  Univer¬ 
sity,  New  Brunswick,  New  Jersey. 

*  Data  will  be  presented  in  a  later  publication  by  Nield  and  Allison  to  show  that  there  was  no  sig¬ 
nificant  chromogenic  substance  other  than  creatine  and  creatinine  in  the  urine  from  rats  kept  under  these 
exoerimental  conditions. — Personal  communication. 
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exists  between  two  means  when  the  odds  were  at  least  19  to  i  in  favor  of  this  conclu' 
sion  or  the  P  value  was  0.05  or  less. 

EXPERIMENTAL  RESULTS 

The  average  millimols  of  creatine  and  creatinine  excreted  in  24  hours  per  kg.  of 
body  weight  for  8  consecutive  days  by  6  normal  male  and  6  thyroidectomized  male 
rats  fed  Purina  dog  chow  are  recorded  in  table  i.  The  average  daily  excretion  of  crea¬ 
tine  by  the  normal  males  during  this  period  was  0.121  millimols  per  kg.  of  body 


Table  i.  Average  millimols  of  creatinine  and  creatine  per  kg.  of  body  weight  excreted  daily  for 

8  DAYS  BY  6  NORMAL  AND  6  THYROIDECTOMIZED  MALE  RATS  UNDER  VARIOUS  EXPERIMENTAL  CONDITIONS. 
THESE  RATS  WERE  FED  PURINA  DOG  CHOW 


Creatinine  | 

Creatine 

Condition 

Average 

Weight, 

Excreted  | 

Excreted  | 

Btn. 

P.E.> 

1  jected, 

ered. 

mM.  per 
kg. 

jected, 

ered. 

pet  kg. 

P’ 

mM. 

% 

P.E.i 

p> 

mu. 

% 

Normal 

308 

0.173 

±0.004 

0.8 

0 

0 

0.  lai 

±0.005 

0.01 

0 

0 

Thyroidectomized 

091 

0.177 

±0.004 

0 

0 

0.018 

±0.003 

0 

0 

Nonnal+injccted 

creatine 

J3» 

m 

±0.004 

0.7 

0 

0 

0.317 

±0.007 

0.01 

0.404 

50.4 

Thyroidectomized 
-^-injected  creatine 

J07 

±0.007 

0 

0 

0.158 

±0.007 

0.513 

25.x 

Normal +injcc  ted 
creatinine 

J30 

0.803 

±0.011 

0.5 

0.716 

76.4 

0.093 

±o.oia 

i 

0.01 

0 

0 

Thyroidectomized 
-^injected  creatinine 

JtJ 

0.796 

±0.011 

0.706 

73-1 

0.018 

±0.007 

0 

0 

'  P.  E.  =  probable  error  «  ±  o.  0843  ■  ■ 


*  The  P  values  in  this  table  are  calculated  according  to  Fisher  and  represent  minimum  values.  Those  values  less  than  0.05 
indicate  a  significant  difference. 

weight,  while  the  average  excretion  of  creatine  by  the  thyroidectomized  males  was 
0.028  millimol.  Thyroidectomy  produced,  therefore,  a  77  per  cent  decrease  in  the 
excretion  of  creatine,  which  confirmed  the  preliminary  observations  of  Allison,  Glaser 
and  Leonard  (i),  and  no  significant  change  in  the  excretion  of  creatine. 

To  eliminate  differences  that  might  exist  between  two  separate  groups  of  rats  the 
study  was  repeated  to  establish  the  average  excretion  values  of  creatine  and  creatinine 
before  and  after  thyroidectomy  on  the  same  rat.  The  average  millimols  of  creatine 
and  creatinine  excreted  in  24  hours  per  kg.  of  body  weight  for  4  consecutive  days  by 
6  male  rats  are  presented  in  table  2.  Instead  of  feeding  Purina  dog  chow,  the  standard 
Sherman  B  diet  was  used  to  eliminate  as  far  as  possible  the  effect  of  unknown  food 
factors  such  as  meat.  The  average  excretion  of  creatine  by  the  normal  rat  was  0.086 
millimol  and  of  the  thyroidectomized  rats  was  0.015  millimol  per  kg.  of  body  weight. 
There  was,  therefore,  an  83  per  cent  decrease  in  creatine  excretion  following  thy¬ 
roidectomy.  The  excretion  of  creatinine  under  the  same  conditions  was  not  affected 
by  thyroidectomy. 

Since  thyroidectomy  decreased  the  excretion  of  creatine  without  affecting  the 
excretion  of  creatinine,  there  was  no  apparent  relationship  between  the  excretion  of 
these  substances  in  these  experiments.  In  figure  i  the  millimols  of  creatinine  excreted 
per  kg.  of  body  weight  are  plotted  against  the  millimols  of  creatine  excreted  per  kg. 
of  body  weight  for  both  the  normal  and  thyroidectomized  rats.  In  these  data  the 
millimols  of  creatinine  are  distributed  around  the  mean  which  is  independent  of  the 
excretion  of  creatine. 
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Table  a.  Average  millimole  op  creatinine  and  creatine  per  kg.  op  body  weight  excreted  daily  por  4 

DAYS  BY  6  MALE  RATS  UNDER  VARIOUS  EXPERIMENTAL  CONDITIONS.  ThESE  RATS  WERE  PED  THE 

Sherman  b  diet 


Creatinine  | 

Creatine 

Condition 

Average 

Weight. 

gm. 

Excreted  | 

In* 

Excreted  | 

mu 

jeered. 

ered. 

mw 

jected. 

eredg 

per  hg. 

P.E.* 

P» 

mu. 

% 

per  kg. 

P.E.‘ 

■II 

B 

% 

Normal 

>73 

0.189 

±O.OOJ 

0.1 

0 

m 

0.086 

±0.00J 

O.OI 

■ 

0 

Thyroidectomized 

>76 

0.300 

±0.004 

0 

B 

0  .015 

±0.001 

^B 

B 

0 

Normal+injected 

creatine 

aSg 

0.177 

±0.004 

0.3 

0 

■ 

0.411 

±0.014 

0.01 

0.464 

7>.4 

Thyroidectomized 
+in)ected  creatine 

181 

o.i8r 

±o.ooj 

0 

■ 

0.134 

±0.014 

0.477 

14.0 

Normal  4-in  jec  ted 
creatinine 

196 

0.938 

±0.011 

O.I 

0.718 

90.3 

0.094 

±0.008 

0.01 

0 

0 

Thyroidectomized 
+injected  creatinine 

aSg 

0.911 

±0.011 

0.735 

81.0 

0.010 

±0.00} 

0 

0 

I  P.E.>probable  error  (calculated  bp  formula  given  in  table  i.) 

*  The  P  values  in  this  table  are  calculated  according  to  Fisher  and  represent  minimum  values.  Those  values  less  than  o.oi  in> 
dicate  a  significant  difference. 


The  reduced  excretion  of  creatine  in  the  thyroidectomi^ed  rats  was  tested  further 
by  injecting  oo  mg.  of  creatine  hydrate  daily  for  8  days  into  the  normal  and  thyroid' 
ectomized  rats  fed  Purina  dog  chow.  The  effects  of  this  injection  upon  the  excretion 
of  creatine  and  creatinine  are  illustrated  in  table  i.  The  average  daily  excretion  of 
creatine  by  the  normal  rats  was  0.325  millimol  per  kg.  of  body  weight.  The  thyroid' 
ectomized  rats  excreted  an  average  of  0.158  millimol  of  creatine  per  kg.  of  body  weight, 
which  was  a  51  per  cent  decrease.  The  significance  of  this  decrease  was  shown  also 
by  computing  the  percentage  recovery  for  the  injected  creatine  in  the  urine  of  the 
normal  and  thyroidectomized  rats.  These  percentages  were  calculated  on  the  assump' 
tion  that  the  injected  creatine  did  not  affect  the  previous  excretion  of  creatine  by  the 
animals.  The  percentages  of  recovery  (table  i)  indicated  that  25  per  cent  more  crea' 
tine  was  retained  by  the  thyroidectomized  rats  than  by  the  normal  rats.  The  same 


Fig.  I.  Millimols  op  creatine  excreted  in  34  hours  per  kg.  of  body  weight  plotted  against  millh 
mols  of  creatinine  excreted  in  34  hours  per  kg.  of  body  weight. 
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experiment  was  repeated  on  the  6  rats  fed  on  the  Sherman  B  diet  by  injecting  20  mg. 
of  creatine  hydrate  daily  for  4  consecutive  days  before  and  after  thyroidectomy.  The 
average  daily  excretion  of  creatine  (table  2)  by  the  normal  animals  was  0.422  millimol 
per  kg.  of  body  weight.  After  thyroidectomy  the  average  daily  excretion  of  creatine 
decreased  to  0.134  millimol  per  kg.  of  body  weight.  The  percentage  recovery  of 
creatine  in  the  urine  of  the  normal  rats  was  calculated  to  be  72.4  per  cent  while  after 
thyroidectomy  it  was  24  per  cent.  The  excretion  of  creatinine  by  those  animals  re' 
ceiving  creatine  proved  (table  i  and  2)  that  the  injection  of  creatine  had  no  effect 
upon  the  excretion  of  creatinine  in  normal  or  thyroidectomized  rats. 

Twenty 'four  mg.  of  creatinine  was  injected  daily  into  the  normal  and  thyroideC' 
tomized  rats  used  in  the  above  experiments  to  determine  the  effect  of  injected  creatin' 


Table  3.  Average  mg.  of  creatine  per  ioo  gm.  of  tissue  weight  in  8  normal  and  8  thyroidectomized 

MALE  RATS  ON  A  NORMAL  PURINA  DOG  CHOW  DIET,  AND  IN  8  NORMAL  AND  8  THYROIDECTOMIZED  RATS 
ON  A  PURINA  DOG  CHOW  DIET  CONTAINING  5OO  MG.  OF  CREATINE  DAILY 


Conditions 

Muscle 

Heart 

Testes 

Liver 

Autopsy 

Weight, 

gm. 

mg.*  1 

P.E.» 

mg.* 

Ba 

mg.* 

P.E.* 

mg.* 

E9 

Normal 

406 

+  4-1 

204 

±2.7 

17s 

±1.6 

*9 

±0.J 

259 

Thyroidectomy 

421 

±6.8 

202 

+2.7 

269 

±*•7 

21 

±0.4 

240 

Normal+crc' 

atine 

415 

±6.4 

aoj 

±6.6 

175 

±4-0 

18 

±0.5 

303 

Thyroidectomy 

-l-creatine 

447 

±7.6 

*95 

±1.8 

270 

±a.4 

18 

±0.6 

317 

‘  Probable  error  (formula  for  calculation  given  in  table  i). 

*  In  comparing  the  creatine  content  per  unit  weight  for  each  organ  under  different  experimental 
conditions,  Fisher  P  values  exceeding  o.  i  were  obtained  in  every  case. 


ine  on  the  excretion  of  creatine.  The  average  daily  excretions  of  creatine  by  the  not' 
mal  animals  (table  i)  receiving  injections  of  creatinine  were  0.093  millimol  per  kg.  of 
body  weight  while  the  thyroidectomized  rats  excreted  daily  an  average  of  0.018 
millimol  per  kg.  of  body  weight.  The  average  percentage  decrease  from  the  normal  in 
the  excretions  of  creatine  by  the  thyroidectomized  rats  was  81  per  cent.  The  differ' 
ence  between  the  77  per  cent  decrease  in  the  excretion  of  creatine  by  the  thyroideC' 
tomized  rats  not  receiving  creatinine  and  the  81  per  cent  decrease  observed  in  the 
above  data  was  within  the  experimental  variation.  The  corresponding  data  in  table 
2  showed  a  decrease  in  creatine  excretion  of  89  per  cent  following  thyroidectomy  for 
the  rats  receiving  creatinine  in  comparison  to  the  83  per  cent  decrease  observed  with 
the  same  rats  when  they  did  not  receive  creatinine,  a  difference  which  was  not  sig' 
nificant.  The  data  in  table  i  and  2  proved  that  there  was  no  significant  difference  in 
the  excretions  of  creatinine  by  the  normal  and  thyroidectomized  rats  following  the 
injection  of  this  substance.  The  percentages  of  recovery  for  the  injected  creatinine 
also  indicated  that  the  substance  was  excreted  to  the  same  extent  by  the  normal  and 
thyroidectomized  rats.  Thus,  for  the  experiment  in  which  the  rats  were  fed  the 
Sherman  B  diet,  90.3  per  cent  of  the  injected  creatinine  was  recovered  in  the  normal 
rat  urine  while  85  per  cent  was  recovered  in  the  urines  of  the  thyroidectomized  rats, 
a  difference  which  was  within  the  experimental  variations. 

The  study  of  the  excretions  of  creatine  and  creatinine  suggested  that  more  crea' 
tine  was  stored  or  metabolized  by  the  thyroidectomized  than  by  the  normal  rats.  To 
test  in  part  the  former  suggestion,  the  creatine  content  per  unit  weight  of  normal  and 
thyroidectomized  rat  tissues  was  determined  (table  3).  The  results  proved  that  there 
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was  no  significant  difference  in  the  tissue  creatine  concentration  per  unit  weight  be- 
tween  the  normal  and  thyroidectomized  rats.  The  Fisher  P  values  exceeded  o.i  in  all 
cases. 

The  total  creatine  content  in  the  heart,  testes  and  liver  for  the  above  rats  is  shown 
in  table  4.  In  comparing  the  total  creatine  content  of  these  organs  in  the  normal  and 
thyroidectomized  rats  only  in  the  case  of  the  heart  was  a  significant  difference  indi¬ 
cated  (P  <0.05  and  almost  equal  to  0.02).  This  meant  that  the  weight  of  the  heart 
in  the  thyroidectomiged  rat  was  less  than  that  of  the  normal  rat. 


Table  4.  Average  creatine  content  per  organ  weight  for  heart,  testes  and  liver  in  8  normal  and  8 

THYROIDECTOMIZED  MALE  RATS  ON  A  NORMAL  PURINA  DOG  CHOW  DIET,  AND  IN  8  NORMAL  AND  8 
THYROIDECTOMIZED  RATS  ON  A  PURINA  DOG  CHOW  DIET  CONTAINING  5OO  MG.  OF  CREATINE  DAILY 


Condition 

Heart  | 

Testes 

Liver 

Autopisy 

Weight, 

gm. 

rog- 

123 

p* 

®g- 

33 

p* 

mg. 

P.E.‘ 

P* 

Normal 

1-4J 

±0.02 

6.72 

±0.09 

1. 18 

±0.02 

259 

0.02 

o.oy 

O.I 

Thyroidectomy 

1.24 

+0.02 

7.12 

±0.  II 

1.07 

±0.03 

240 

Normal+cre- 

m 

n 

atine 

1.63 

+0.04 

6.97 

±0. 19 

±0.06 

303 

Thyroidectomy 

0.05 

-|-creatine 

1.48 

±0.03 

7-44 

±0.14 

m 

±0.05 

m 

317 

*  Probable  error  (formula  for  calculation  given  in  table  i). 

*  The  P  values  in  this  table  are  calculated  according  to  Fisher  and  represent  minimum  values.  Those 
values  less  than  o.  05  indicate  a  significant  difference.  The  P  values  do  not  indicate  any  storage  of  creatine 
by  any  organ  in  either  the  normal  or  thyroidectomized  rats. 

The  study  of  the  tissue  creatine  content  of  the  normal  and  thyroidectomized  rats 
provided  no  support  for  the  suggestion  that  more  creatine  was  stored  by  the  thyroid¬ 
ectomized  than  by  the  normal  rat.  There  was,  however,  the  possibility  that  the 
amount  of  creatine  metabolized  under  the  normal  experimental  condition  was  too 
small  a  quantity  to  produce  any  discernible  effect  on  the  tissue  creatine  content.  To 
eliminate  this  possibility,  500  mg.  of  creatine  was  added  to  the  diet  of  a  second  group 
of  normal  and  thyroidectomized  rats  for  five  days  in  succession  and  the  creatine  con¬ 
tent  of  the  tissues  investigated.  The  results  (table  4)  proved  that  there  was  no  signifi¬ 
cant  difference  in  the  tissue  creatine  content  between  the  normal  and  thyroidec¬ 
tomized  rats.  Likewise,  creatine  feeding  did  not  affect  the  total  creatine  content  of  the 
heart,  testes  or  hver  of  the  normal  or  thyroidectomized  rats.  This  is  illustrated  by  the 
data  of  table  4,  in  which  the  Fisher  P  values  for  all  differences  in  the  total  creatine 
content  of  each  organ  before  and  after  creatine  feeding  exceeded  0.05. 

DISCUSSION 

The  marked  reduction  in  the  excretion  of  creatine  by  the  thyroidectomized  male 
rats  is  in  agreement  with  the  preliminary  observations  of  Allison,  Glaser  and  Leonard 
(i).  Their  suggestion,  however,  that  thyroidectomy  may  be  accompanied  or  followed 
by  an  increase  in  the  excretion  of  creatinine  is  not  supported  by  the  data  presented 
here.  These  data  showed  no  statistically  significant  changes  from  normal  in  the 
excretion  of  creatinine,  a  result  which  was  also  reported  for  the  female  rat  by  Allison 
and  Leonard  (2).  The  data,  therefore,  proved  that  the  lowered  excretion  of  creatine  in 
the  thyroidectomized  rats  could  not  be  accounted  for  by  any  conversion  into  creatin¬ 
ine  and  subsequent  excretion  in  the  urine. 

The  independence  of  the  excretion  of  creatinine  and  of  creatine  was  hkewise 
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demonstrated  by  the  experiments  involving  the  injection  of  creatinine.  The  data  ob' 
tained  proved  that  the  injection  of  creatine  had  no  effect  on  the  excretion  of  creatinine 
in  either  the  normal  or  thyroidectomi^ed  rats,  which  is  in  accordance  with  the  obset' 
vations  of  Beard  and  Pizzolato  (7).  These  investigators  believe,  therefore,  that  there  is 
no  physiological  conversion  of  creatine  to  creatinine.  This  belief  is  not  necessarily 
true,  since  the  creatine  injected  into  the  animal  need  not  have  altered  the  rate  of 
endogenous  protein  metalx)lism  from  which  creatinine  was  formed.  That  creatine 
may  be  converted  physiologically  into  creatinine  is  indicated  by  the  work  of  Bloch 
and  Schoenheimer  (8)  in  which  they  showed  that  rats  fed  creatine  containing  isotopic 
nitrogen  excreted  creatinine  with  isotopic  nitrogen. 

The  data  proved  also  that  the  injection  of  creatinine  had  no  effect  on  the  excretion 
of  creatine  in  either  the  normal  or  thyroidectomized  rats  which  likewise  demonstrated 
that  the  excretion  of  creatine  was  independent  of  changes  in  the  excretion  of  creatin' 
ine.  This  result  did  not  agree  with  the  claim  of  Beard  and  Jacob  (9)  that  injected  creat' 
inine  “stimulates  enormously”  the  excretion  of  creatinine  in  the  urine,  and  does  not 
support  their  view  that  creatinine  is  physiologically  converted  into  creatine. 

The  lowered  excretion  of  creatine  in  the  thyroidectomized  rat  could  not  be  aC' 
counted  for  by  an  increase  in  the  creatine  concentration  of  the  tissues  since  there  was 
no  significant  differences  between  the  tissue  creatine  content  of  the  normal  and 
thyroidectomized  animals.  Thyroidectomy  reduced  slightly  the  weight  of  the  heart, 
and  the  total  creatine  content  in  the  heart  of  the  thyroidectomized  rat  was  less  than 
that  of  the  normal.  The  former  effect  was  also  observed  by  Bischoff,  Clarke  and  Epps 
(10). 

The  data  showed  that  thyroidectomized  rats  excreted  much  less  of  injected  crea¬ 
tine  than  the  normal  rats.  This  result  is  in  agreement  with  clinical  observations  (ii, 
12,  13)  in  which  hyperthyroidism  was  associated  with  a  decreased  tolerance  to  ad¬ 
ministered  creatine  and  hypothyroidism  with  an  increased  tolerance  to  administered 
creatine.  The  difference  in  the  ability  of  the  normal  and  thyroidectomized  rats  to 
excrete  injected  creatine  could  not  be  explained  on  the  basis  of  storage  differences  in 
these  animals.  The  data  show  that  there  was  no  significant  difference  in  the  tissue 
creatine  concentration  between  the  normal  and  thyroidectomized  rats  provided  with 
a  liberal  supply  of  creatine.  There  was  also  no  increase  in  the  body  or  organ  weights 
of  the  thyroidectomized  rats  to  indicate  any  storage  of  creatine  through  growth. 

The  striking  ability  of  the  thyroidectomized  rat  to  retain  administered  creatine 
raised  the  question  as  to  its  ultimate  fate.  The  data  presented  here  could  be  inter¬ 
preted  to  mean  that  it  was  not  converted  into  creatinine  or  stored  in  the  tissues. 
Other  investigations  have  been  concerned  with  this  problem.  Folin  (14)  presented 
his  hypothesis  of  creatine  as  a  ‘food’  from  his  observations  that  humans  possess  strik¬ 
ing  ability  to  retain  the  substance.  Folin  and  Denis  (15)  and  Myers  and  Fine  (16) 
presented  questionable  evidence  that  administered  creatine  was  stored  in  the  muscles 
of  the  cata  and  rabbit  respectively.  The  work  of  Chanutin  (17)  and  Chanutin  and 
Silvette  (18)  suggested  that  the  retention  of  creatine  was  not  due  to  storage  since  the 
tissues  stored  creatine  only  “under  unusual  metabolic  conditions.”  Benedict  and 
Osterberg  (19)  and  Coffman  and  Koch  (20)  have  explained  the  ability  of  the  animal  to 
retain  creatine  on  the  basis  of  new  tissue  formation.  It  is  impossible  to  offer  a  similar 
explanation  for  the  increased  ability  to  retain  creatine  on  the  part  of  the  thyroidec- 
tomized  rat  since  there  was  no  increase  in  organs  or  body  weights  following  thyroid¬ 
ectomy. 

There  is  the  possibility  that  the  thyroidectomized  rats  may  have  a  greater  ability 
than  the  normal  rats  to  metabolize  creatine  through  reactions  not  leading  to  creati- 
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nine.  This  view'point  has  also  been  suggested  by  Chanutin  and  Silvette  (21).  On  the 
other  hand,  Bloch,  Shoenheimer  and  Rittenberg  (22)  could  find  no  evidence  for  the 
conversion  of  creatine  to  any  substance  other  than  creatinine.  This  result,  however, 
was  obtained  by  feeding  very  small  amounts  of  creatine.  These  investigators  pointed 
out  that  their  findings  “do  not  exclude  the  possibility  of  even  extensive  creatine  degra' 
dations  may  occur  when  the  compound  is  administered  in  large  quantities.”  The  be' 
havior  of  the  retained  creatine  in  the  thyroidectomized  rat  suggests  the  compound  is 
subject  to  metabolic  destruction  by  a  process  in  which  the  thyroid  gland  is  involved. 

SUMMARY 

1.  TTiyroidectomy  lowers  markedly  the  excretion  of  creatine  in  the  male  rat  on 
a  diet  with  and  without  meat.  The  diminished  excretion  of  creatine  is  not  accom^ 
panied  by  any  significant  change  in  the  excretion  of  creatinine.  The  lowered  creatine 
excretion  cannot,  therefore,  be  accounted  for  by  any  conversion  into  excreted  creati' 
nine. 

2.  The  thyroidectomized  adult  male  rats  excrete  less  injected  creatine  than  the 
normal  rats,  but  the  injected  creatine  does  not  affect  the  excretion  of  creatinine  in  the 
normal  or  thyroidectomized  rats. 

3.  The  injection  of  creatinine  has  no  effect  on  the  excretion  of  creatine  in  either 
the  normal  or  thyroidectomized  rat,  which  proves  that  the  excretion  of  creatine  is  not 
influenced  by  any  changes  in  the  excretion  of  creatinine.  There  is  no  significant  dif- 
ference  in  the  excretion  of  injected  creatinine  by  the  normal  and  thyroidectomized 
rats. 

4.  The  excretions  of  creatine  and  creatinine  appear  to  be  independent  of  one  an' 
other,  and  are  not  a  reliable  measure  of  the  physiological  conversion  of  one  substance 
into  the  other. 

5.  The  lowered  excretion  of  creatine  by  the  thyroidectomized  rats  cannot  be  eX' 
plained  by  storage  of  this  substance  in  the  tissue. 

6.  The  evidence  suggests  that  the  thyroid  gland  influences  the  metabolism  of 
creatine  in  some  way  other  than  storage  or  conversion  to  creatinine. 

The  author  wishes  to  acknowledge  his  indebtedness  to  £>r.  James  B.  Allison,  Dr.  Samuel  L.  Leonard 
and  Dr.  William  H.  Cole  for  their  inspiring  interest,  advice  and  assistance  in  this  investigation. 
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FURTHER  OBSERVATIONS  UPON  THE  PARATHYROID 
GLAND  OF  THE  VIRGINIA  DEER,  IN  SPECIMENS  TAKEN 
AT  INTERVALS  THROUGHOUT  THE  YEAR 

ALLAN  L.  GRAFFLIN 

From  the  Def>artment  of  Anatomy,  Harvard  Medical  School 

BC3STON,  MASSACHUSETTS 

IN  AN  EARLIER  PAPER  in  this  joumal(i),the  occurrence  of  numerous  small  basophilic 
granules  in  the  parathyroid  gland  has  been  reported  for  three  specimens  of  the 
Virginia  deer  (Odocoileus  virginianus  borealis)and  for  a  single  specimen  of  the 
Barasingha  deer  {Rucervus  duvaucelli).  In  both  species  the  parathyroid  gland  is  com¬ 
posed  of  a  single  basic  cell  type,  homologous  with  the  ‘principal’  cell  of  man  (2,  3). 
The  granules  were  located  within  the  cytoplasm  of  the  parenchymal  cells,  and  stained 
readily  with  alum-hematoxylin  or  iron-hematoxylin  after  fixation  in  10  per  cent  neu¬ 
tral  formalin  or  Zenker-formol.  The  pictures  were  so  striking  as  to  suggest  a  granular 
secretory  mechanism  for  the  elaboration  of  the  parathyroid  hormone  in  the  deer; 
however,  no  proof  was  forthcoming  that  the  basophilic  granules  actually  represented 
the  secretory  antecedent  of  the  hormone. 

Through  the  courtesy  of  the  trustees  of  Naushon  Island,  Massachusetts,  it  has 
been  possible  to  pursue  this  observation  further  upon  specimens  of  the  Vigrinia  deer 
taken  at  intervals  throughout  one  entire  year.  As  is  well  known,  this  species  exhibits 
a  cyclic  regrowth  (spring)  and  shedding  (winter)  of  the  antlers  in  the  male;  further¬ 
more,  the  antlers  are  composed  of  bone  rather  than  mainly  of  keratin  (as  in  the  horns 
of  cattle).  Under  the  circumstances,  the  present  study  has  been  undertaken  with  two 
objectives  in  mind;  a),  to  learn  more  about  the  basophilic  granules  previously  de¬ 
scribed;  b),  to  determine  whether,  on  the  basis  of  the  number  and  character  of  the 
basophihc  granules  or  of  other  histological  criteria,  the  parathyroid  gland  of  the  male 
deer  exhibits  a  seasonal  variation  associated  with  the  obvious  cycUc  changes  in  the 
antlers. 

The  observations  upon  the  occurrence  and  relative  numbers  of  the  basophilic 
granules  are  summarizied  in  table  i.  From  these  observations  certain  facts  are  clear. 
a).  The  granules  are  present  in  all  but  one  (bucl^  9)  of  the  sixteen  animals  studied,  b). 
There  is  no  evidence  of  a  significant  or  consistent  difference  between  the  males  and 
females  insofar  as  the  number  of  granules  is  concerned,  and  special  study  has  shown 
that  this  is  hkewise  true  of  their  sue  and  staining  properties,  c).  There  is  no  evidence 
of  a  seasonal  cyclic  variation  in  the  number  of  granules  in  the  male  specimens.  On  the 
other  hand,  in  such  a  Umited  series,  with  a  single  specimen  to  represent  most  periods 
of  the  year,  the  occurrence  of  such  a  seasonal  variation  can  obviously  not  be  ruled  out. 
Here,  again,  special  study  has  shown  no  significant  variation  in  either  the  sise  or  the 
staining  properties  of  the  granules;  they  are  so  small  and  stain  so  uniformly  that  no 
details  of  their  internal  organization  can  be  appreciated,  d).  The  number  of  does  is 
quite  small,  covers  only  isolated  periods  of  the  year,  and  includes  one  immature,  two 
pregnant  and  three  lactating  specimens.  Observations  upon  these  specimens  offer  no 
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indication  of  a  significant  variation  in  the  number  (or  the  character)  of  the  granules 
attributable  to  either  the  different  seasons  of  the  year  or  the  different  physiological 
states  of  the  animals. 

The  size  and  distribution  of  the  basophilic  granules  have  been  previously  illus' 
trated  in  this  journal  (i),  and  further  illustrations  seem  unnecessary.  It  should  be 
noted  that  the  earlier  figures  were  prepared  from  bucl(  i  of  the  present  series,  in  which 
the  number  of  granules  is  designated  as  ‘abundant’  (table  i).  The  present  study  has 
contributed  nothing  new  with  respect  to  the  essential  nature  of  the  granules.  To 
determine  whether  they  do  or  do  not  represent  the  secretion  antecedent  of  the  para- 


Table  i.  The  occurrence  op  basophiuc  granules  in  the  parathyroid  gland  op  the  Virginia  deer 


No. 

E>ate 

Fixative 

Number  of  basO' 
philic  granules 

BUCKS  1^ 

Nov.  11, 19  j8 

Formalin 

Abundant 

Oct.  II,  19 J9 

Zenker'formol 

Fairly  abundant 

3* 

Nov.  18,  19J9 

Formalin 

Few 

4 

Dec.  17,  I9J9 

Formalin 

Fairly  abundant 

5 

Jan.  n,  1940 

Formalin 

Fairly  abundant 

6 

Mar.  9,  1940 

Formalin 

Very  abundant* 

7 

July  II,  1940 

Formalin 

Abundant 

8 

Aug.  30,  1940 

Formalin 

Fairly  abundant 

9 

Oct.  10,  1940 

ZenkeT'formol 

None 

10 

Oct.  10, 1940 

"Susa' 

Fairly  abundant 

DOES  !*■* 

Oct.  13, 19J9 

Formalin  if  Zenker 'formol 

Fairly  abundant 

2^ 

Jan.  31, 1940 

Formalin 

Fairly  abundant 

3* 

Mar.  3,  1940 

Formalin 

Fairly  abundant 

4‘ 

Oct.  10, 1940 

Formalin 

Abundant 

5‘ 

Oct.  10, 1940 

Formalin 

Fairly  abundant 

6» 

Oct.  10, 1940 

Formalin 

Abundant 

‘  Previously  reported  (i).  •  Immature.  •  Most  striking  picture  in  the  series.  *  Pregnant. 

*  Lactating. 


thyroid  hormone  would  require  careful  experimentation  upon  a  rather  large  number 
of  deer,  and  facilities  for  such  an  undertaking  are  not  available. 

As  stated  above,  there  is  no  evidence  of  a  seasonal  cycUc  variation  in  the  number 
or  character  of  the  basophilic  granules  in  the  parathyroid  gland  of  the  male  deer. 
Careful  study  of  the  general  histology  and  cytology  of  the  gland  has  hkewise  failed 
to  reveal  any  evidence  of  such  a  seasonal  variation.  In  this  connection,  it  is  interesting 
to  note  that  Aub  and  McLean  (4),  who  studied  approximately  the  same  series  of  male 
animals  reported  upon  here,  observed  no  evidence  of  seasonal  variation  in  the  calcium, 
phosphate  or  phosphatase  levels  in  the  blood  or  cerebrospinal  fluid.  In  other  words, 
there  is  as  yet  no  histological  or  biochemical  evidence  of  a  ‘parathyroid  factor’  in  the 
cyclic  regrowth  and  shedding  of  the  antlers  in  the  male  deer.^ 

The  fixatives  which  have  been  employed  in  this  study  are  10  per  cent  neutral 
formalin,  Zenker-formol  (Zenker  stock,  9  parts;  neutral  formaUn,  i  part),  and  Heiden' 
hain’s  ‘Susa’.  It  will  be  noted  that  all  of  these  fixatives  contain  formalin,  and  the 
criticism  can  be  raised  that  the  basophilic  granules  described  above  might  represent 
an  artifact  attributable  to  the  use  of  this  chemical.  No  additional  specimens  of  the 
Virginia  deer  have  been  obtainable  during  the  last  sixteen  months,  and  examination  of 
this  possibility  must  await  the  availability  of  further  material. 

*  For  a  discussion  of  the  r6le  of  the  hypophysis  and  testis  in  the  cyclic  regrowth  and  shedding  of  the 
antlers,  see  Wislocki  (;).  For  a  seasonal  study  of  the  thyroid  gland  of  the  deer,  see  GrafHin  (6). 
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SUMMARY 

A  Study  of  the  parathyroid  glands  in  specimens  of  the  Virginia  deer,  taken  at 
intervals  throughout  one  entire  year,  has  demonstrated  the  almost  invariable  occur' 
rence,  in  the  cytoplasm  of  the  parenchymal  cells,  of  numerous  small  basophilic  gran' 
ules.  There  is  no  evidence  of  a  seasonal  variation  in  the  number  or  character  of  these 
granules,  or  in  other  microscopic  characteristics  of  the  parathyroid  glands,  in  associa' 
tion  with  the  annual  renewal  and  shedding  of  the  antlers  in  the  male  deer, 
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KERMIT  CHRISTENSEN  and  W.  H.  GRIFFITH 
From  the  Departments  of  Microanatomy  and  Biochemistry, 

St.  Louis  University  School  of  Medicine 

ST.  LOUIS,  MISSOURI 

INVOLUTION  OF  THE  THYMUS  is  a  common  observation,  associated  with  other 
changes,  in  young  rats  fed  on  choline-deficient  diets  (i).  This  phenomenon  is 
spectacular  ^cause  of  the  rapidity  with  which  regression  of  the  thymus  takes 
place  and  the  minute  size  to  which  it  is  reduced.  Like  other  types  of  accidental  in¬ 
volution  this  type  is  reversible.  The  thymus  may  regenerate  spontaneously  or  by 
virtue  of  the  return  of  choline  to  the  diet.  The  present  study  affords  new  data  on 
the  weights  of  thymus  glands  of  experimental  animals  and  the  microscopic  changes 
which  accompany  regression  and  regeneration. 

MATERIALS  AND  METHODS 

Male  rats,  20  to  25  days  of  age  at  the  beginning  of  the  experiment,  and  weighing 
38  to  42  gm.,  were  placed  in  raised  cages  and  fed  the  experimental  diets  ad  hbitum. 
Not  all  of  the  animals  in  an  experimental  group  were  litter  mates,  but  they  were  reared 
in  the  same  colony  and  under  similar  conditions.  The  three  diets  used  are  outlined  in 
table  I.  Control  animals  were  fed  the  basal  diet  with  0.3  per  cent  choline  chloride 
added. 

Table  i.  (Composition  of  diets 


AC  39‘ 

AC  32 

CG3 

Purified  casein 

% 

18 

% 

15 

% 

15 

(Celatin 

0 

0 

3 

Cystine 

0 

0.3 

0.1 

Cholesterol 

0 

0 

0.5 

Lard 

20 

9 

20 

Sucrose  (commercial) 

54-9 

62.6 

49-3 

Dried  brewer's  yeast 

0 

6 

6 

Salt  mixture* 

4 

4 

4 

(Calcium  carbonate 

I 

I 

0 

Agar 

2 

2 

2 

Fortified  fish-liver  oil* 

O.I 

0.1 

0.1 

*  Water  soluble  vitamins  supplied  by  daily  oral  administration  of  0.01  mg.  of  thiamine  chloride,  0.02 
mg.  of  ribofiavin,  0.02  mg.  of  pyridoxine  and  0.5  mg.  of  nicotinic  acid. 

*  Hawk  and  Oser  ('31). 

*  Natola. 

Rats  on  diet  AC  32  survive  well;  consequently,  it  could  be  used  over  a  prolonged 
experimental  period.  The  acute  response  to  diet  AC  39  is  severe.  Diet  AC  32  or 
Purina  dog  chow  was  substituted  after  the  acute  response  in  order  to  maintain  the 
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animals  during  a  long  recovery  period.  Spontaneous  recovery  occurs  in  animals  which 
are  capable  of  an  ‘acclimitization’  to  the  deficient  diets. 

After  a  given  experimental  period,  the  animals  were  killed  by  decapitation  and 
the  thymus  glands  were  removed  and  fixed  in  Zenker’s  solution  with  formahn.  Sec- 
tions  were  stained  with  hematoxyUn  and  eosin,  and  with  Giemsa’s  stain. 

Involution  during  the  acute  reaction  was  studied  in  thymus  glands  of  48  rats 
given  either  diet  AC  32,  AC  39  or  CG  3  and  killed  from  3  to  10  days  after  the  be' 
ginning  of  the  experiment.  Regeneration  of  the  thymus  was  studied  in  33  rats  given 
diets  AC  32  or  CG  3  continuously  for  the  experimental  period,  or  diet  AC  39  for  7 
days,  and  then  diet  AC  32  or  Purina  dog  chow  for  the  remainder  of  the  period.  These 
rats  were  killed  from  1 1  to  78  days  after  the  beginning  of  the  experiment.  The  thymus 


Table  2.  Changes  in  weight  of  the  thymus  of  40'Gm.  male  rats  during  degenerative  and  recovery 
STAGES  OF  choline  DEFICIENCY 


Exper' 

imental 

Average 

Body 

Thymus* 

Renal 

Group 

Diet 

No.  of 
Rats' 

Aver- 

%of 

%of 

Lesions 

Period 

Weight 

age 

normal 

body 

Group 

weight 

weight 

weight 

AC  32 

days 

gm. 

1 

mg. 

% 

1 

10 

27-21 

60 

134 

56 

100 

2 

AC  39 

7 

18-16 

50 

156 

78 

Wgm 

100 

3 

AC  39 

10 

26-17 

45 

56 

31 

WSm 

100 

4 

AC  39,  7  days 

AC  32,  3  days 

10 

31-17 

50 

79 

40 

H 

100 

5 

AC  39+0.3%  choline 

10 

15-15 

61 

229 

94 

0.38 

0 

chloride 

6 

AC  32 

30 

34-26 

145 

183 

59 

0.20 

50 

7 

AC  39,  7  days 

AC  32,  23  days 

30 

25-11 

131 

46 

0.15 

100 

8 

AC  39,  7  days 

AC  32,  3  days 

Stock  diet,  20  days 

30 

43-11 

134 

413 

93 

0.31 

88 

9 

AC  32-1-0.3%  choline 

chloride 

30 

lO-IO 

153 

511 

102 

0-34 

0 

‘  Second  figure  shows  the  number  of  surviving  rats. 

*  Normal  percentage  of  body  weight  for  rats  in  this  colony;  40-70  gm.,  0.40;  1  jo-150  gm.,  0.53. 


glands  of  22  rats  of  the  experimental  series  were  studied  after  living  from  4  to  16 
months  following  involution.  They  had  diet  AC  32  continuously  or  diet  AC  39  for 
7  or  10  days  and  then  diet  AC  32  or  Purina  dog  chow  until  the  end  of  the  experiment. 
In  the  group  which  had  diet  AC  39  and  then  Purina  dog  chow,  confirmation  of  the 
acute  reaction  in  the  animals,  as  demonstrated  by  the  congested  appearance  of  the 
kidneys  (see  also  table  2),  was  shown  by  laparotomy  on  the  last  day  that  diet  AC 
39  was  given. 

RESULTS 

Weight  changes  during  involution  and  early  recovery.  Some  of  the  data  on  weight 
changes  during  involution  due  to  choline  deficiency,  and  early  regeneration  in  male 
rats  of  the  experimental  series  are  summarized  in  table  2.  The  regression  of  the  thy' 
mus  which  occurred  in  rats  surviving  the  lO'day  period  on  the  three  different  low' 
choline  diets  is  shown  in  groups  i,  3  and  4,  and  the  prevention  of  this  change  by  a 
choline  supplement  in  group  5.  The  rapidity  of  the  decrease  in  the  weight  of  the 
thymus  glands  of  rats  on  the  same  diet  is  illustrated  by  the  7  and  lO'day  results  in 
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groups  2  and  3.  An  increase  in  the  weight  of  the  thymus  occurred  in  rats  maintained 
for  an  additional  ao'day  period  during  the  recovery  stage  on  the  low'choline  diets 
(groups  6  and  7)  but  the  weight  when  expressed  as  percentage  of  body  weight  re' 
mained  the  same  as  at  the  end  of  the  first  10  days  (groups  i  and  4).  It  appears  that 
either  restoration  of  the  weight  lost  during  the  acute  degenerative  stage  or  new, 
normal  growth,  but  not  both,  occurred  on  the  choline-deficient  diets.  Both  restoration 
and  normal  growth  of  the  thymus  occurred  in  rats  placed  on  the  normal  stock  diet  at 
the  end  of  the  lo-day  period.  During  the  period  when  rats  of  the  experimental  series 
were  receiving  choline-deficient  diets  and  also  during  the  period  of  regeneration  (10- 
78  days)  the  thymus  glands  of  normal  male  rats  grew  rapidly  to  maximum  absolute 
weights  of  about  300  mg.  (2). 

Involution  during  the  acute  stage;  first  10  days  (fig.  1,2).  The  degree  of  involution 
of  the  thymus  varied  in  rats  on  diets  AC  32  and  CG  3.  In  glands  weighing  between 
100  and  200  mg.,  involution,  which  was  slight  or  moderate,  was  characterized  by 
thinning  of  the  cortex  and  increasing  prominence  of  the  medulla.  Glands  whose 
weights  were  less  than  100  mg.  showed  a  thin  cortex  or  complete  absence  of  cortical 
differentiation.  Those  of  nearly  all  of  the  rats  on  diet  AC  39  weighed  less  than  100 
mg.,  and  all  showed  extensive  involution. 

Involution  was  accomplished  by:  a),  extensive  migration  of  lymphocytes  from 
the  gland;  b),  degeneration,  or  dedifferentiation  of  the  reticular  (epithelial)  cells; 

c) ,  some  degeneration  of  lymphocytes  with  pycnosis  and  nuclear  fragmentation;  and 

d) ,  some  dedifferentiation  of  lymphocytes.  The  common  occurrence  of  mitoses  of  both 
lymphocytes  and  reticular  cells  while  the  gland  as  a  whole  was  undergoing  regression 
seems  to  be  a  paradox  of  involution. 

Migration  of  lymphocytes  from  the  thymus  appeared  to  be  the  most  important 
process  in  involution.  No  other  single  process  apparent  could  produce  such  rapid 
reduction  in  size  and  such  extensive  loss  of  lymphocytes  without  definite  cytological 
changes.  The  disappearance  of  lymphocytes  resulted  both  in  thinning  of  the  cortex 
in  partially  involuted  glands  and  in  complete  loss  of  the  cortex  in  the  glands  which 
had  undergone  the  most  extensive  involution.  Harland  (3)  suggested  that  the  numer¬ 
ous  small  lymphocytes  which  are  arranged  in  linear  series  in  the  connective  tissue 
septa  and  the  peripheral  cortex  in  the  early  postnatal  animals,  are  migrating  from  the 
thymus  to  be  distributed  in  the  connective  tissue  or  to  enter  lymph  vessels.  A  similar 
linear  arrangement  of  lymphocytes  and  concentric  layers  of  these  cells  around  blood 
vessels  had  been  observed  in  the  thymus  glands  of  the  choline-deficient  rats. 

Pycnosis  and  nuclear  fragmentation  of  degenerating  lymphocytes  were  present 
both  in  glands  in  which  involution  had  not  progressed  far  and  in  those  in  which  in¬ 
volution  was  advanced.  In  several  glands  which  showed  slight  involution,  patches  of 
pycnotic  lymphocytes  were  found  in  various  parts  of  the  cortex  and  in  the  medulla, 
usually  close  to  the  cortex.  Pycnosis  may  occur  in  any  lymphocytes  remaining  at  the 
completion  of  involution,  but  usually  degeneration  did  not  include  the  entire  gland 
and  there  was  no  regularity  with  respect  to  the  areas  involved.  Phagocytosis  of  the 
cellular  debris  was  not  apparent  histologically. 

At  the  beginning  of  involution  the  reticular  (epithelial)  cells  became  increasingly 
prominent  chiefly  because  of  hypertrophy.  The  thinning  cortex,  consequently,  was 
‘spotted’  with  enlarged  reticular  cells  with  large,  clear  staining  nuclei.  In  the  medulla 
the  hypertrophied  reticular  cells  formed  irregular  clusters  which  precede  the  forma¬ 
tion  of  a  large  number  of  Hassall’s  corpuscles.  New  Hassall’s  corpuscles  showed 
greatly  hypertrophied  nuclei  in  the  central  area.  In  older,  more  degenerated  ones  the 
central  areas  contained  acidophilic  hyalin  remains  of  cells.  The  most  degenerate  cor- 


THYMUS  AND  CHOLINE  DEFICIENCY 


Fig.  1.  Involution  of  the  thymus  glands.  Cortex  thin.  Hypertrophied  reticular  cells  in  the  cortex 
cause  the  ‘spotted’  appearance.  Weight  55  mg.  Diet  AC  3q  for  10  days.  H.  E.  X8.  Fig.  2.  Thymus 
GLAND  !N  AN  ADVANCED  STAGE  OF  INVOLUTION.  Cortex  entirely  absent.  Weight  j6  mg.  Diet  AC  jg  for 
10  days.  H.  E.  X8.  Fig.  j.  Thymus  gland  of  a  control  animal.  Note  cortical  and  medullary  differen- 
tiation.  Basal  diet  +o.j%  choline  chloride  for  jy  days.  H.  6?  E.  X8. 

Fig.  4.  T HE  BEGINNING  OF  REGENERATION.  Note  the  dark  interior  with  Hassall's  corpuscles.  The  dark 
spots  in  the  connecti\  e  tissue  capsule  and  septa  are  mast  cells.  Diet  AC  39  for  7  days,  diet  AC  32  for  4 
days.  Giesma’s  stain.  X  15.  Fig.  5.  Regenerating  thymus  with  a  broad  dense  cortex,  and  small  medullary 
areas.  Diet  AC  39  for  7  days,  Purina  dog  chow  for  10  days.  H.  &?■  E.  X8. 

Fig.  6.  Thymus  of  a  control  animal  to  show  cortical  and  medullary  differentiation  after  a  period 
of  6  months  on  the  basal  diet  +0.  j%  of  choline  chloride.  H.  H  E.  X8. 

Fig.  7.  Age  involution  of  thymus  of  an  experimental  animal.  Cortex  and  medulla  still  present; 
gland  vascularized.  Diet  AC  39  for  10  days,  Purina  dog  chow  for  the  remainder  of  experimental  period 
of  16  months.  H.  fe?  E.  X8.  Fig.  8.  Precocious  age  involution  of  thymus  from  experimental  animal. 
Cortical  differentiation  has  gone;  gland  richly  vascularized;  lobes  separated.  Note  ‘yellow  fat’  immedi¬ 
ately  around  gland  and  ‘brown  fat'  outside  of  ‘yellow  fat.'  Diet  AC  39  for  10  days,  Purina  dog  chow  for 
remainder  of  experimental  period  of  16  months.  H.  E.  X8 
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puscles,  which  were  enhrged  and  cystdike,  exhibited  dark  basophilic  granules  in  the 
central  area,  most  of  which  were  fragments  of  degenerated  nuclei.  Some  ‘cysts'  con' 
tained  leucocytes  which  had  migrated  into  them. 

At  the  periphery  of  the  lobules,  lymphocytes  appeared  to  dedifferentiate  into 
monocytes,  plasma  cells,  and  probably  connective  tissue  cells.  By  further  dedifferen- 
tiation  these  cells  changed  from  their  characteristic  basophilia  to  complete  eosino' 
philia,  but  retained  their  cell  outlines.  They  may  be  displaced  outside  of  the  cortex 
and  become  part  of  the  connective  tissue  in  which  they  lose  their  former  cell  identity 
entirely.  Although  no  further  changes  were  observed,  it  seems  not  improbable  that 
these  cells  become  transformed  into  fibroblasts. 

Early  regeneration;  lo  to  78  days  (fig.  4,  5).  Extensive  regeneration  took  place  in 
the  accidentally  involuted  thymus  glands  of  young  animals  even  when  the  glands 
were  greatly  reduced  in  size.  If  involution  was  completed  early,  regeneration  was 
started  before  the  tenth  day,  but  signs  of  regeneration  were  observed  in  almost  all 
glands  after  the  tenth  day.  The  regenerative  process  was  somewhat  similar  irrespec' 
tive  of  the  diet. 

Small  glands,  in  which  a  definite  cortex  and  medulla  were  maintained  throughout 
the  acute  state,  increased  in  size  during  the  period  of  regeneration,  due  largely  to  cell 
proliferation.  They  acquired  a  dense  cortex  and  a  relatively  dense  medulla.  Hassall’s 
corpuscles  in  these  glands  were  more  nearly  equal  in  number  and  similar  in  other  char- 
acteristics  to  those  of  the  control  glands  than  to  those  in  glands  which  had  undergone 
more  extensive  regneration. 

In  thymus  glands  in  which  no  cortical  differentiation  remained  apparent,  regen¬ 
eration  began  in  the  narrow  remnants  of  the  lobes.  Lymphocytes  migrated  into  the 
gland  and  proliferated  by  mitosis.  Those  remaining  in  the  gland  also  proliferated.  Thus 
the  central  area  of  the  thymus  became  filled  with  lymphocytes.  The  dark  central 
zone  representing  the  original  medulla  could  be  recognized  by  the  Hassall's  corpuscles, 
some  of  which  were  still  in  the  process  of  degeneration.  New  lymphocytes  were 
added  peripherally  until  they  reached  the  surface.  A  broad  zone  of  dense,  darkly 
staining  cortical-like  tissue  developed  which  made  up  the  major  portion  of  every 
lobe.  At  this  stage,  minute  patches  of  medullary  tissue  arose  centrally.  The  medulla 
which  was  denser  than  in  the  normal  thymus  probably  was  reestablished  by  the 
outward  displacement  of  lymphocytes.  Hassall’s  corpuscles  were  few  in  number. 
Many  of  those  previously  present  had  degenerated  completely,  and  few  appeared  to 
be  formed  during  regeneration.  Lobulation  was  hardly  apparent.  In  sections  the 
lobes  appeared  as  solid  masses  of  cells.  Septal  ingrowths  were  hardly  apparent.  After 
30  days,  cortical  and  medullary  structure  was  restored  in  nearly  all  glands,  but  the 
cortex  could  become  exceedingly  dense  and  exhibit  an  intense  staining  reaction  for 
some  time.  After  two  months  the  lymphocytes  in  both  cortex  and  medulla  appeared 
less  closely  packed  and  the  reticular  cells  more  clearly  defined.  The  medulla  also  was 
relatively  larger  and  more  nearly  normal  quantitatively  in  porportion  to  the  cortex. 

Hemorrhagic  areas  were  observed  grossly  in  several  glands  30  days  after  the  be¬ 
ginning  of  the  experiment,  in  animals  originally  given  diet  AC  39  for  7  days.  These 
glands  underwent  less  degeneration  than  those  of  most  rats  fed  this  diet.  They  were 
large  and  both  cortex  and  medulla  were  differentiated.  Blood  corpuscles  were  present 
in  patches  both  in  the  cortex  and  the  medulla,  but  there  was  no  marked  congestion 
of  the  blood. 

In  some  rats,  involution  and  early  regeneration  of  the  thymus  stimulated  in¬ 
creased  activity  of  the  reticular  cells.  In  these  animals  proliferation  of  the  reticular 
cells  led  to  the  establishment  of  epithelial  cords  or  glandular  masses  which  exhibited 
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alveolar  (cyst-like)  or  tubular  structure.  They  usually  were  present  in  the  inner  part 
of  the  lobule,  but  could  be  located  in  the  interlobular  connective  tissue.  Their  cells 
resembled  the  epithelial  cells  of  other  endocrine  glands  of  pharyngeal  origin.  Ross  and 
Korenchevsky  (4),  who  studied  these  epithelial  growths  in  the  thymus  glands  of 
rats  injected  with  estrogens,  regard  them  as  the  result  of  hyperplasia  of  the  reticular 
cells  and  have  described  them  as  similar  to  an  adenoma  of  the  thymus  in  the  early 
stages  of  development,  although  in  their  experimental  animals  they  never  grew  into 
tumors. 

Later  changes;  4  to  16  months  (fig.  7  and  8).  In  the  oldest  animals  of  the  experi¬ 
mental  series,  the  thymus  glands  which  had  regenerated  after  the  damaging  effects  of 
choline  deficiency  underwent  an  age  involution.  In  normal  male  rats,  according  to 
Plagge  (2),  a  rather  abrupt  decrease  in  the  weight  of  the  thymus,  from  about  225  mg. 
at  4  months  to  175  mg.  at  6  months,  takes  place,  which  is  followed  by  a  slight  leveling 
off  between  200  and  300  days  to  a  weight  which  is  maintained  at  about  135  mg.  After 
this  the  thymus  gradually  becomes  smaller,  its  weight  at  16  months  being  about  75 
mg.  (2).  The  effects  of  previous  choline  deficiency  on  age  involution  included  a  more 
pronounced  reduction  in  the  size  of  the  gland  in  contrast  to  the  controls,  and  an  ac¬ 
celeration  of  the  process  until  it  was  nearly  complete  in  some  animals.  The  structural 
changes  observed  in  the  thymus  glands  of  this  group  included:  a)  a  reduction  in  the 
total  amount  of  thymic  tissue,  without  loss  of  medullary  and  cortical  differentiation; 
b)  increase  in  the  vascularity  especially  of  the  medulla  and  parts  of  the  cortex  which 
were  penetrated  by  connective  tissue;  c)  hemorrhage  into  the  cortex  or  the  medulla; 
and  d)  almost  complete  involution  of  the  gland,  with  widely  separated  lobes  sur¬ 
rounded  by  varying  amounts  of  connective  tissue. 

In  most  of  the  thymus  glands  in  this  group  the  cortex  and  the  medulla  exhibited 
typical  age  involution,  even  though  the  glands  were  small.  In  those  in  which  the  cor¬ 
tex  became  thin,  cortical  reticular  cells  may  be  prominent.  Reduction  in  glandular 
tissue  was  due  mainly  to  outward  migration  of  lymphocytes. 

Replacement  of  the  thymic  tissue  by  fat  is  well  demonstrated  in  this  series  of 
animals.  The  fat  which  is  closest  to  the  gland  is  of  the  ‘yellow’ type,  but  that  outside 
the  immediate  vicinity  of  the  gland  is  ‘brown.’  The  arrangement  of  the  fat  cells  sug¬ 
gests  that  ‘yellow’  fat  was  formed  immediately  upon  involution  and  was  later  trans¬ 
formed  into  ‘brown’  fat. 

The  increase  in  vascularity  of  the  thymus  glands  of  old  experimental  animals  also 
was  more  marked  than  in  those  which  had  undergone  earlier  accidental  involution. 
The  vascularization  in  the  medulla  and  in  the  cortex  of  the  thymus  in  these  old  exper¬ 
imental  animals  was  comparable  to  the  extensive  vascularization  of  the  thymus  in 
older  control  animals.  The  occurrence  of  extensive  hemorrhage  in  the  thymus  glands 
in  the  older  as  well  as  in  the  younger  experimental  animals  supports  the  assumption 
that  chohne  deficiency  causes  a  physiological  alteration  of  the  vascular  system  which 
permits  the  rapid  escape  of  blood  corpuscles. 

In  the  glands  of  older  experimental  animals  Hassall’s  corpuscles  were  neither  large 
nor  conspicuous.  Many  of  them,  particularly  in  the  better  differentiated  glands 
seemed  to  be  in  early  stages  of  development.  The  glands  in  which  cortex  and  medulla 
were  best  differentiated  had  the  most  corpuscles.  The  centers  of  the  corpuscles  con¬ 
tained  mainly  hypertrophied  nuclei  but  if  they  had  undergone  extensive  degeneration 
the  central  area  was  occupied  by  acidophiUc  hyaline  substance. 

The  glands  obtained  from  a  small  number  of  older  experimental  animals  showed 
differentiated  cell  cords,  tubules,  or  cysts  of  epithelial  reticular  cells  similar  to  those 
found  in  the  thymus  tissue  undergoing  early  regeneration. 
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DISCUSSION 

The  cause  of  involution  of  the  thymus  in  choline  deficiency  as  yet  is  unknown. 
Cramer,  E>rew,  and  Mottram  (5)  have  shown  that  if  rats  are  fed  vitamin  B'free  diets 
the  thymus  undergoes  striking  atrophy  and  that  regeneration  of  the  thymus  follows 
when  vitamin  B  is  restored  to  the  diet.  Since  choline  is  considered  to  be  a  component 
of  the  vitamin  B  complex  (6,  7),  it  probably  represents  the  factor  required  for  the 
maintenance  of  the  thymus. 

Morphological  interpretations  of  constituents  of  the  thymus  still  are  subject  to 
controversy.  Observations  made  in  this  study  tend  to  substantiate  the  views  origin 
nally  advanced  by  Hammar(8)  and  Maximow  (9).  The  smalTround  cells’ of  the  thy- 
mus  are  regarded  as  lymphocytes.  The  results  of  the  present  study  do  not  support  the 
view  that  reticular  cells  differentiate  into  lymphocytes.  Reticular  (epithelial)  cells  of 
the  thymus  do  not  possess  the  phagocytic  properties  of  mesodermal  reticular  cells. 
Phagocytosis  by  reticular  (epithelial)  cells  could  not  be  demonstrated  in  preparations 
of  thymus  glands  obtained  from  choline-deficient  rats  in  which  lymphocytic  degenera- 
tion  was  observed.  None  of  our  observations  supports  the  assumption  that  Hassall’s 
corpuscles  represent  transformed  bloodvessels.  Neither  do  the  observations  on  hemot' 
rhage  in  the  thymus  support  the  suggestion  (10)  that  the  red  blood  corpuscles  are 
left  in  the  tissues  as  the  result  of  degeneration  of  blood  vessels  during  the  process  of 
formation  of  Hassall’s  corpuscles. 


SUMMARY 

The  feeding  of  choline-deficient  diets  to  young  rats  results  in  rapid  involution  of 
the  thymus  gland.  The  microscopic  changes  observed  conform  to  those  described  by 
Hammar  and  others  as  typical  of  accidental  involution.  Migration  of  lymphocytes 
from  the  thymus  and  degenerative  changes  of  the  reticular  (epithelial)  cells  account 
for  most  of  the  involution.  Pycnotic  degeneration  is  a  minor  factor.  Regeneration  takes 
place  by  spontaneous  recovery  or  following  the  addition  of  choline  to  the  diets.  Age 
involution  is  hastened  by  any  further  lack  of  dietary  choline  and  by  the  chronic 
effects,  persisting  after  the  early  accidental  involution. 
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PHYSIOLOGICAL  SIGNIFICANCE  OF  COMPENSATORY 
ADRENAL  ATROPHY 

HANS  SELYE  and  CHRISTIANE  DOSNE 
From  the  Department  of  Anatomy,  McGill  University 

MONTREAL,  QUEBEC,  CANADA 

ONE  OF  THE  MOST  STRIKING  CHANGES  elicited  in  endoctine  glands  by  overdosage 
with  a  certain  hormone  is  the  remarkable  atrophy  of  the  cells  which  not' 
mally  produce  this  hormone.  The  phenomenon  has  been  termed  ‘compen- 
satory  atrophy’  as  opposed  to  the  ‘compensatory  hypertrophy'  which  occurs  after 
partial  removal  of  an  endocrine  gland  (i).  Both  of  these  compensatory  reactions  are 
merely  morphological  expressions  of  a  readjustment  within  an  organism  whose  hor^ 
monal  equilibrium  has  been  disturbed.  In  some  instances  atrophy  of  an  endocrine 
gland  may  be  produced  with  a  hormone  obtained  from  another  organ  of  internal 
secretion,  for  example,  adrenal  or  ovarian  atrophy  can  be  produced  with  testosterone 
and  testis  atrophy  with  estradiol.  In  such  instances  we  speak  of  ‘transferred  com- 
pensatory  atrophy’  (i).  We  have  become  particularly  interested  in  a  special  type  of 
transferred  compensatory  atrophy  which  can  be  produced  only  in  endocrine  cells 
normally  elaborating  several  types  of  hormones.  Such  cells  exhibit  pronounced 
atrophy  in  animals  treated  with  only  one  of  the  hormones  normally  produced  by  the 
cells.  Thus  it  is  well-known  that  the  adrenal  cortex  manufactures  several  physio¬ 
logically  different  hormonal  principles,  some  of  which  are  characterized  by  a  specific 
action  on  carbohydrate  metaboUsm  and  general  resistance  (corticosterone,  ii -de- 
hydro-corticosterone,  and  17-hydroxy' II -dehydro-corticosterone)  while  others  (ii- 
desoxycorticosterone,  Hartman’s  ‘Na-factor’)  have  a  comparatively  slight  effect  in 
this  respect  but  are  very  active  in  restoring  the  deranged  salt  metabolism  of  adrenal- 
ectomized  animals.  The  observation  that  marked  compensatory  atrophy  of  the  adrenal 
cortex  may  be  produced  by  overdosage  with  ii -desoxycorticosterone  acetate  (2)  fur¬ 
nished  an  excellent  test  object  for  such  studies  since  in  this  instance  a  transferred 
compensatory  atrophy  could  be  expected  to  manifest  itself  by  a  decrease  in  general 
resistance  and  disturbances  in  carbohydrate  metabolism  similar  to  those  caused  by 
adrenalectomy.  We  were  particularly  interested  in  demonstrating  the  existence  and 
the  physiological  implications  of  this  type  of  transferred  compensatory  atrophy  since 
it  could  prove  that  symptoms  of  overdosage  with,  and  deficiency  in,  products  of  a 
single  endocrine  cell-type  may  simultaneously  exist. 

The  experiments  reported  in  this  communication  have  been  so  planned  that  during 
a  pretreatment  period  desoxycorticosterone  acetate  was  administered  to  rats  in  order 
to  produce  compensatory  atrophy  of  the  adrenal  cortex.  Once  this  was  achieved  the 
pretreated  animals  were  exposed  to  a  variety  of  damaging  agents  such  as  cold,  trauma 
and  drugs  simultaneously  with  nonpretreated  controls.  These  noxious  agents  are 
highly  toxic  for  adrenalectomized  animals  and  elicit  marked  hypoglycemia  and  hypo- 
chloremia  in  them,  while  intact  rats  are  much  more  resistant  to  the  toxic  effects  of 
such  treatment  and  their  blood  sugar  and  blood  chloride  values  show  no  severe  de¬ 
cline  (3).  It  is  believed  that  the  normal  resistance  and  the  prevention  of  acute  adrenal 

Received  for  publication  January  14,  194a. 


581 


HANS  SELYE  AND  CHRISTIANE  D06NE 


Volume  50 


t 

[ 


?8a 

insufficiency  symptoms  (hypochloremia,  hypoglycemia  and  hemoconcentration)  in 
animals  exposed  to  nonspecific  damaging  agents  is  dependent  upon  a  rapid  hyper' 
trophy  of  the  adrenal  cortex  with  a  corresponding  increase  in  adrenal  cortical  hormone 
production.  Indeed  these  changes  are  probably  the  most  important  readjustments  in 
the  acute  defense  reaction  against  nonspecific  damage,  the  so'called  ‘alarm  reaction’ 
(4).  It  was  to  be  expected,  therefore,  that  if  the  compensatory  atrophy  is  of  physio- 
logical  importance  it  should  interfere  with  the  normal  defensive  hypertrophy  of  the 
adrenal  cortex  and  hence  animals  pretreated  with  desoxycorticosterone  acetate  should 
respond  essentially  as  adrenalectomized  rats  do. 

EXPERIMENTAL  PROCEDURE 

Six  adult  male  albino  rats  constituted  one  experimental  group  in  each  case.  Half 
of  the  groups  (those  in  which  compensatory  adrenal  atrophy  was  to  be  produced) 


Table  i.  Effect  of  desoxycorticosterone  acetate  pretreatment  on  response  to  cold, 

FORMALDEHYDE  AND  ATROPINE 


Damaging  Agents 

Cold 

Formalin 

Atropine 

Control 

Pretreated 

Control 

Pretreated 

Control 

Pretreated 

Body  weight,  gm. 

118 

1 17 

113 

no 

no 

Deaths 

0 

I 

0 

2 

0 

0 

Final  blood  volume,  cc. 

2.2 

2.1 

1.5 

0.9 

2.0 

1-3 

Final  hemoglobin,  gm.  % 

15. a 

17.2 

17.1 

20.6 

14.6 

16.7 

Initial  blood  chloride,  mg.  % 

422 

349 

410 

369 

413 

367 

Final  blood  chloride,  mg.  % 

458 

405 

341 

J06 

387 

353 

Final  blood  sugar,  mg.  % 

56 

126 

no 

91 

74 

Final  adrenal  weight,  mg. 

37 

29 

34 

21 

39 

21 

Table  a.  Effect  of  desoxycorticosterone  acetate  pretreatment  on  response  to  cold,  trauma  and 

EXCESSIVE  MUSCULAR  EXERCISE 


Danaging  Agents 

Cold 

Trauma 

Exercise 

Control 

Pretreated 

Control 

Pretreated 

Control 

Pretreated 

Body  weight,  gm. 

150 

145 

172 

172 

176 

178 

Deaths 

1 

5 

2 

4 

0^ 

0^ 

Final  blood  volume,  cc. 

0.7 

0.4 

0.6 

0.5 

1.0 

0.9 

Final  hemoglobin,  gm.  % 

13.7 

14-7 

12.2 

13-5 

10. 5 

12.5 

Initial  blood  sugar,  mg.  % 

82 

83 

76 

74 

81 

74 

Final  blood  sugar,  mg.  % 

83 

65 

115 

77 

69 

56 

Final  blood  chloride,  mg.  % 

407 

353 

418 

338 

441 

348 

Final  adrenal  weight,  mg. 

39 

19 

43 

13 

39 

22 

I  In  the  desoxycorticosterone  acetate-treated  group  all  but  i  animal  were  exhausted;  in  the  control 
group  3  animals  were  still  running  at  the  end  of  6  hours. 


were  pretreated  with  subcutaneous  injections  of  5  mg.  of  desoxycorticosterone  ace¬ 
tate  administered  twice  daily  as  a  fine  powder  suspended  in  o.i  cc.  of  peanut  oil. 
Injections  were  continued  for  7  days  in  the  first  series  (table  1)  and  for  13  days  in  the 
second  series  (table  2).  On  the  last  day  of  pretreatment  all  experimental  animals  as 
well  as  the  corresponding  controls  were  fasted  for  24  hours.  During  this  period  of 
fasting  just  prior  to  exposure  to  damaging  agents  a  blood  sample  was  taken  from  the 
tail  vein  in  order  to  determine  the  initial  blood  chloride  and  blood  sugar  concen¬ 
tration.  Since  it  was  felt  that  excessive  hemorrhage  would  comphcate  the  experiments 
we  determined  only  the  blood  chlorides  in  the  first  series  and  only  the  blood  sugar  in 
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the  second  series  at  this  time.  After  this  some  of  the  animals  were  exposed  to  cold  by 
keeping  them  at  —  3°C.  for  6  hours  after  wetting  their  fur  with  water.  Another 
group  received  a  total  amount  of  1.8  cc.  of  4  per  cent  formaldehyde  in  6  subcutaneous 
injections  within  24  hours.  Yet  another  group  was  treated  with  a  total  amount  of  6  cc. 
of  2  per  cent  atropine  sulphate  in  6  subcutaneous  injections  within  24  hours.  Another 
group  was  traumatized  by  crushing  the  intestine  and  the  abdominal  muscles  with  a 
hemostat  10  hours  before  being  killed.  The  last  group  was  forced  to  run  for  6  hours 
in  drum  cages  having  a  diameter  of  12  inches  and  performing  16  revolutions  per 
minute.  In  all  these  groups  exposure  to  the  various  damaging  agents  was  planned  in 
such  a  manner  as  to  end  at  the  termination  of  the  24'hour  fasting  period.  TTie  animals 
pretreated  with  desoxycorticosterone  acetate  were  killed  simultaneously  with  the 
nonpretreated  controls  by  bleeding  from  the  transcised  carotid  artery  and  jugular 
vein.  The  amount  of  blood  thus  obtained  was  measured  in  each  case.  Although  this 
gives  no  indication  of  the  total  blood  volume  since  much  of  the  blood  is  retained  in  the 
small  blood  vessels,  it  is  our  experience  that  this  ‘freely  circulating  blood  volume’  is  an 
excellent  index  of  the  total  blood  volume  during  shock.  The  blood  thus  obtained  was 
analyzed  for  its  hemoglobin  content  (an  indicator  of  hemoconcentration)  by  the 
Evelyn  and  Malloy  (5)  method,  for  its  chlorides  (expressed  as  NaCl)  by  the  van 
Slyke  (6)  method,  and  its  glucose  content  by  the  Somogyi  (7)  modification  of  the 
Schafer-Hartmann  method.  The  adrenals  were  weighed  on  an  analytical  balance  after 
fixation  in  formalin. 

The  most  striking  observation  was  that  the  mortality  in  the  group  of  animals 
pretreated  with  desoxycorticosterone  acetate  was  higher  than  in  the  nonpretreated 
controls.  Since  desoxycorticosterone  acetate  itself  does  not  raise  general  resistance 
(differing  in  this  respect  from  corticosterone  and  other  carbohydrate-metabolism- 
active  compounds)  (8)  it  is  not  surprising  that  pretreatment  with  this  compound  did 
not  lessen  the  mortality  in  the  above  experiment.  The  fact,  however,  that  it  actually 
increased  mortality  is  unexpected  and  probably  due  to  the  resulting  compensatory 
atrophy  of  the  adrenal  cortex  which  prevented  the  cortical  cells  from  producing  large 
amounts  of  those  corticoids  which  are  highly  active  in  raising  resistance.  That  the 
animals  pretreated  with  desoxycorticosterone  acetate  also  exhibited  greater  hemo- 
concentration  (judged  by  high  hemoglobin  and  low  blood  volume  values)  and  a  more 
pronounced  hypoglycemia  in  comparison  with  the  controls,  may  also  be  explained  on 
the  same  basis.  It  is  true  that  certain  agents  (trauma,  formaldehyde  injections  and 
atropine  injections),  which  markedly  raised  the  blood  sugar  in  the  intact  controls, 
caused  some  hyperglycemia  even  after  desoxycorticosterone  acetate  pretreatment,  but 
the  rise  in  blood  sugar  was  never  as  marked  in  the  latter  case  as  it  was  in  the  non- 
pretreated  controls.  It  is  probable  that  even  the  cortex  showing  marked  compensatory 
atrophy  (as  judged  by  adrenal  weight)  can  be  slightly  stimulated  by  exposure  to 
damage  although  it  does  not  respond  nearly  as  well  as  the  intact  cortex.  A  slight  de- 
gree  of  cortical  stimulation  was  also  evident  as  judged  by  morphological  criteria,  the 
cortical  cells  having  discharged  their  lipid  granules  after  exposure  as  they  usually  do 
during  their  increased  activity  in  the  alarm  reaction  (9).  We  wish  to  stress  the  fact 
that  neither  the  morphological,  nor  the  functional  response  of  the  adrenal  cortex  aie 
completely  inhibited  by  excessive  doses  of  corticoids.  Ingle  (10)  expressed  the  view 
that  adrenal  cortical  extracts  prevent  the  hypertrophy  of  the  adrenal  cortex  which 
normally  results  from  exposure  to  agents  capable  of  producing  an  alarm  reaction 
(muscular  exercise).  This  was  based  upon  the  observation  that  cortin^treated  rats 
forced  to  perform  excessive  muscular  exercise,  had  practically  normal  adrenals,  while 
controls  receiving  no  cortin,  but  performing  the  same  amount  of  exercise,  showed 
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adrenal  hypertrophy.  In  this  series  there  were  no  cortin-treated,  unexercised  rats, 
which  undoubtedly  would  have  had  subnormal  adrenals  as  judged  by  previous  ob¬ 
servations  made  by  the  same  author  (ii,  12).  Selye  (2)  showed  that  although  desoxy- 
corticosterone  acetate  inhibits  the  adreno-cortical  enlargement  during  the  alarm  re¬ 
action  it  docs  not  prevent  it  completely,  and  the  present  experiments  confirm  this 
both  from  the  morphological  and  the  functional  point  of  view. 

The  blood  chlorides  were  subnormal  in  the  animals  pretreated  with  desoxycorti- 
costerone  acetate  even  before  exposure  to  damage,  a  fact  which  has  been  described 
previously  (13)  although  its  mechanism  is  not  completely  understood.  Because  of  this 
pronounced  initial  hypochloremia  it  is  difficult  to  evaluate  the  effect  of  desoxycorti- 
costerone  acetate  on  the  blood  chloride  changes  elicited  by  nonspecific  noxious 
agents.  The  fact  remains,  however,  that  the  blood  chloride  concentration  after  ex¬ 
posure  to  damage  was  consistently  lower  in  the  desoxycorticosterone  acetate  pre¬ 
treated  than  in  the  nonpretreated  control  rats. 

SUMMARY 

Experiments  on  albino  rats  indicate  that  continued  treatment  with  high  doses  of 
desoxycorticosterone  acetate  markedly  inhibits,  but  does  not  completely  prevent,  the 
adrenal  cortical  response  during  the  alarm  reaction.  As  a  result  of  this  inhibition  the 
resistance  of  animals  pretreated  with  desoxycorticosterone  acetate  to  nonspecific 
noxious  agents  is  actually  subnormal  since  desoxycorticosterone  acetate  itself  does 
not  raise  resistance  but  apparently  interferes  with  the  production  of  those  corticoid 
hormones  which  increase  general  resistance.  This  view  receives  further  support  by 
the  observation  that  desoxycorticosterone  acetate  pretreatment  interferes  with  the 
normal  glycemic  response  to  nonspecific  noxious  agents,  probably  because  it  dis¬ 
turbs  the  production  of  corticoids  active  in  carbohydrate  metabolism. 

We  conclude  that  overdosage  with  one  of  the  compounds  produced  by  an  endo¬ 
crine  cell  can  interfere  with  the  production  by  the  same  cell  of  other  hormonal  com¬ 
pounds  (in  this  case  corticoids,  such  as  corticosterone,  active  in  carbohydrate  me- 
tabohsm).  As  a  result  of  this  interference  symptoms  of  overdosage  with  hormones 
produced  by  a  certain  endocrine  cell  type  may  coexist  with  signs  of  deficiency  in  the 
hormone  production  of  that  same  cell. 

The  expenses  of  this  investigation  were  defrayed  by  a  grant  in  aid  from  the  National  Research 
Council  of  Canada.  The  authors  are  greatly  indebted  to  Drs.  G.  Stragnell  and  E.  Schwenk  of  the  Schering 
Corporation  of  Bloomfield,  New  Jersey,  for  supplying  the  desoxycorticosterone  acetate  used  for  these 
experiments. 
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GROWTH  OF  THE  MALE  GUINEA  PIG  MAM^ 
MARY  GLAND  WITH  DIETHYLSTILBESTROL^  ^ 


A.  A.  LEWIS  AND  C.  W.  TURNER 

From  the  Department  of  Dairy  Husbandry,  University  of  Missouri 

COLUMBIA,  MISSOURI 

Growth  of  the  mammary  gland  with  hormone  treatment  has  been  extent 
sively  studied  in  the  guinea  pig.  Crude  lipid  extracts  of  placentae,  ovaries 
and  corpora  lutea  were  reported  to  develop  ducts  or  complete  lobule^alveolar 
systems  and  to  cause  secretion  in  some  cases  in  virginal,  parous  and  castrate  females 
and  in  normal,  castrate  and  immature  males  (see  Turner,  i,  for  review).  More  recently 
purified  and  crystalline  estrogens  at  low  dosages  have  been  shown  to  develop  both 
mammary  ducts  and  complete  lobule-alveolar  systems  equal  to  that  observed  at  the 
time  of  pregnancy  (2,  3,  4).  The  guinea  pig  thus  differs  from  other  laborator>'  rodents 
in  that  complete  mammary  development  can  be  readily  obtained  with  estrogens  in- 
jected  for  short  periods  of  time  at  low  dosages. 

It  was  of  interest  to  ascertain  whether  diethylstilbestrol  would  cause  the  same 
type  of  development  and  whether  a  low  dosage  could  be  found  which  would  cause 
only  mammary  duct  development.  Dodds  et  al.  (5)  reported  that  diethylstilbestrol 
was  less  active  than  estrone  in  stimulating  growth  of  the  mammary  glands  of  guinea 
pigs.  We  have  recently  shown  that  diethylstilbestrol  is  quite  active  in  causing  mam' 
mary  growth  in  mice,  rats,  rabbits  and  goats  (6). 

PROCEDURE 

Normal  male  guinea  pigs  were  injected  daily  subcutaneously  with  diethylstih 
bestroE  dissolved  in  0.05  to  o.i  cc.  of  oil.  The  animals  were  divided  into  groups  con' 
taining  three  to  five  guinea  pigs  each.  Dosages  were  o.oi,  o.i,  0.25, 0.5,  2.0, 10  and  50 
micrograms  of  diethylstilbestrol  per  day.  All  of  the  animals  were  treated  for  20  days 
with  the  exception  of  three  which  died  earlier. 

The  guinea  pigs  were  fed  a  mixed  grain  ration  containing  20  per  cent  Cerogras^ 
ad  libitum  and  green  leafy  vegetables  twice  a  week. 

The  extension  of  the  mammary  glands  was  measured  after  they  were  fixed  and 
stained.  The  thickness  of  the  glands  and  length  of  the  teats  were  measured  at  the 
same  time  with  a  vernier  caliper.  Representative  mammary  glands  were  prepared  in 
whole  mounts  and  sections. 

RESULTS 

The  mammary  glands  of  normal  male  guinea  pigs  do  not  develop  beyond  a  simple 
duct  system  consisting  of  a  dichotomous  system  of  branches  with  only  an  occasional 

Received  for  publication  January  26,  1942. 

*  Contribution  from  the  Department  of  Dairy  Husbandry,  Missouri  Agricultural  Experiment  Sta' 
tion.  Journal  Series  No.  804. 

*  This  study  has  been  aided  in  part  by  a  grant  of  the  International  Cancer  Research  Foundation. 

*  Diethylstilbestrol  furnished  by  Merck  and  Co.,  Rahway,  N.  J. 

*  Cerogras  is  a  mixture  of  dried  and  finely  ground  immature  cereal  grasses.  It  was  kindly  supplied  by 
Dr.  W.  R.  Graham,  Jr.,  Cerophyl  Laboratory,  Kansas  City,  Missouri. 
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Table  i.  Effect  of  diethylstilbestrol  on  the  mammary  gland  of  the  male  guinea  pig 

INJECTED  FOR  00  DAYS 


wt.  ai  - 

Autopsy,  '  ^v.  size,  Thickness, 

gm.  cm.  mm. 


Type  of 
devdopment 


Control  type 
Early  lobule,  no  alveoli 
Lobules,  a  few  alveoli 


Av.  length 
of  teats. 


Heavy  lobule  development 


Early  lobules,  no  alveoli 
Lobules,  few  alveoli 
Lobules,  some  alveoli 
Lobules,  alveoli 


Lobules,  alveoli 
Lobules,  alveoli 
Lobules,  some  alveoli 
Lobules,  alveoli 


Slight  duct  development 
Lobules,  some  alveoli 
Lobules,  some  alveoli 
Lobules,  alveoli 
Lobules,  alveoli 


Lobules,  some  alveoli 
Hypertrophied  ducts 
Lobules,  alveoli 
Early  lobule,  few  alveoli 


*  Died  on  14th  day  of  treatment. 

*  Died  on  8th  day  of  treatment. 
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bud'like  outgrowth  of  the  lateral  ducts.  Little  growth  appears  to  occur  in  the  male 
guinea  pig  gbnd  after  the  first  three  to  four  months  of  age.  In  fact  in  older  males  the 
ducts  appeared  to  have  atrophied  somewhat  (2).  Our  observations  of  male  guinea  pig 
mammary  glands  confirm  this  description. 

The  group  of  guinea  pigs  given  0.01  Mg-  of  diethylstilbestrol  per  day  had  duct 
systems  indistinguishable  from  those  of  control  animals  except  in  one  case.  This 
ghnd  had  a  few  thickened  ducts  which  had  deeper  staining  edges,  but  there  were  no 
end'buds.  There  was  no  increase  in  the  average  extent  of  the  glands  from  this  group 
over  those  from  control  guinea  pigs  (table  1). 

The  mammary  glands  from  male  guinea  pigs  given  o.i  Mg-  of  diethylstilbestrol 
daily  averaged  2.3X0.9  cm.  in  extent.  This  increase  in  length  is  statistically  signifi' 
cant  according  to  Snedecor  (7),  1  =  2.43  compared  to  2.1  required  at  5  per  cent  level. 
Main  ducts  were  without  end'buds  which  are  a  constant  indication  of  duct  growth 
in  the  mouse,  rat,  and  rabbit.  Interlobular  ducts  sometimes  had  the  appearance  of 
small  end'buds  (Fig.  1). 

Only  one  group  (2  Mg-  per  day)  of  guinea  pigs  in  this  study  had  glands  slightly 
larger  than  the  previous  group  while  three  groups  given  more  stilbestrol  had  smaller 
glands  (table  i).  In  contrast  a  single  female  guinea  pig  given  0.25  Mg-  of  diethylstib 
bestrol  a  day  had  mammary  glands  measuring  3.4  X  1.8  cm. 

The  principal  change  in  the  dimensions  of  mammary  glands  from  male  guinea 
pigs  treated  with  diethylstilbestrol  was  in  thickness.  This  occurred  at  a  dosage  of 
O.I  Mg-  per  day  and  above.  Control  glands  were  found  to  be  0.4  to  0.5  mm.  thick. 
Ghnds  which  showed  lobule  development  were  from  0.5  to  1.2  mm.  in  thickness.  The 
increase  in  thickness  did  not  occur  consistently  in  the  different  groups  as  the  dosage 
was  increased.  Groups  of  guinea  pigs  given  20  Mg-  a  day  had  the  thickest  glands  (0.9 
mm.).  The  mammary  development  in  the  treated  female  surpassed  the  best  develop' 
ment  found  in  the  males;  the  female  had  glands  which  were  1.8  mm.  in  thickness. 

The  type  and  extent  of  development  was  quite  variable  in  the  different  groups  of 
guinea  pigs.  Of  those  given  0.1  Mg-  P^t  day  only  one  showed  a  few  alveoli  in  micrO' 
scopic  section  (fig.  7,  8).  Two  had  what  appeared  in  the  whole  mounts  to  be  lobules 
but  on  sectioning  these  were  found  to  consist  of  thick  walled  ducts  (fig.  3,4).  One 
guinea  pig  had  glands  of  the  control  type  while  the  other  showed  some  development 
of  clusters  of  ducts  (fig.  i). 

The  group  of  guinea  pigs  given  0.25  Mg-  of  diethylstilbestrol  per  day  had  mammary 
glands  similar  to  those  from  the  previous  group.  None  was  further  developed.  Of  five 
guinea  pigs  given  0.5  Mg-  a  day  all  but  one  had  lobules  with  alveoli.  The  group  given 
2  Mg-  per  day  had  in  most  cases  a  development  of  more  numerous  alveoli  (fig.  9,  10). 
One  guinea  pig  in  the  group  given  10  Mg-  of  diethylstilbestrol  per  day  had  slight  de' 
velopment  of  the  mammary  duct  system  but  the  animal  died  after  only  8  days  of 
treatment.  The  rest  of  the  group  had  alveolar'lobules  as  well  developed  as  but  no  bet' 
ter  developed  than  those  in  the  two  previous  groups.  Four  of  five  guinea  pigs  given 
50  Mg-  of  diethylstilbestrol  per  day  had  lobules  with  from  a  few  to  numerous  alveoli. 
One  had  the  appearance  of  lobules  but  microsections  showed  only  hypertrophied 
ducts  (fig.  5,  6). 

In  none  of  the  treated  male  guinea  pigs  were  the  alveoli  obviously  hypertrophied 
with  secretion.  The  single  female  guinea  pig,  in  contrast,  had  numerous  enlarged, 
rounded  alveoli  (fig.  2). 

As  the  amount  of  development  in  these  mammary  glands  increased  they  tended 
to  be  opaque  when  fixed  and  stained  but  not  cleared.  The  group  of  lobules  in  several 
planes  filled  the  spaces  between  ducts  and  rendered  the  glands  opaque  to  transmitted 
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Fig.  I-IO.  SlECIMENS  OF  M.AMMARY  GLANDS  FROM  GUINEA  PIGS  TREATED  WITH  DIETHYLSTILBESTROL. 

Fig.  I.  Gross  mount  from  male  showing  an  early  stage  in  dex'elopment  with  diethylstilbestrol. 
Clusters  of  interlobular  ducts  are  shown  on  the  main  ducts.  No  duct  end'buds  were  present.  X  5.  Fig.  2 
Section  from  virgin  female  given  0.25  ng.  per  day  for  20  days.  Alveoli  were  numerous  and  hypertrophied 
with  secretion.  X25. 

Fig.  j.  Gross  mount  from  male  with  more  advanced  stage  of  development  than  in  figure  i.  X5.  Fig. 
4.  Microsection  from  same  male  as  in  figure  j,  showing  that  only  thick  walled  ducts  are  present.  X  24.  No 
alveoli  could  be  seen  at  higher  magnification. 

Fig.  5.  Mount  from  male  grossly  appears  to  have  lobule  development.  X  Fig.  6.  Microsection 
from  same  male  as  in  figure  5,  showing  only  hypertrophied  ducts  and  stroma.  X2j. 

Fig.  7.  Early  stage  of  development  of  alveolar-lobules  in  a  male.  X5.  Fig.  8.  Microsection  from  the 
same  male  as  in  figure  7,  showing  some  lobule  development.  X21.  At  higher  magnification  lobules  ap¬ 
peared  as  in  figure  10. 
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light.  The  percentage  of  the  glands  which  were  opaque  is  an  indication  of  the  amount 
of  development  present  (table  i).  This  figure  is  an  estimation.  The  center  of  the  glands 
first  became  opaque  while  with  greater  development  the  whole  gland  might  become 
so.  Control  glands  were  quite  open.  With  early  lobule  development  but  no  alveoli  5 
to  20  per  cent  of  the  area  was  opaque.  When  25  to  50  per  cent  of  the  gland  was  opaque, 
some  clusters  of  alveoli  were  present.  Glands  with  over  50  per  cent  of  the  area 
opaque  had  fair  alveolar  development. 

All  of  the  teats  from  guinea  pigs  treated  with  diethylstilbestrol  were  larger  than 
those  from  controls  which  were  from  1.5  to  2  mm.  long.  Even  with  the  lowest  dosage 
of  o.oi  tig.  per  day  the  teats  at  autopsy  were  30  per  cent  longer  than  those  from 
controls.  Guinea  pigs  given  o.i  Mg-  per  day  had  teats  2.5  times  as  long  as  those  of  the 
controls.  Above  this  dosage  there  was  no  consistent  increase  in  length  with  increas' 
ing  dosage  indicating  that  o.i  Mg-  per  day  was  adequate  to  secure  maximum  increase. 
In  one  case  the  male  teats  exceeded  in  length  those  of  the  treated  female  but  in  most 
cases  they  were  considerably  smaller. 

DISCUSSION 

Some  extension  in  the  area  covered  by  the  mammary  glands  of  male  guinea  pigs 
was  secured  with  dosages  of  diethylstilbestrol  of  from  0.1  to  50  Mg-  per  day  but  not 
with  O.OI  Mg-  Obvious  signs  of  main  duct  growth  were  absent.  In  each  group  of 
guinea  pigs  in  which  extension  of  the  mammary  glands  was  secured  there  was  also  the 
development  of  lobules  in  some  individuals.  No  groups  showed  duct  extension  alone. 
If  there  is  a  dosage  of  diethylstilbestrol  which  would  cause  duct  development  alone 
it  must  be  between  o.oi  and  0.1  Mg-  per  day.  The  most  obvious  change  in  the  mam' 
mary  glands  of  the  guinea  pigs  was  the  proliferation  of  lobules.  In  two  cases  the  first 
stage  of  the  lobule  development  was  found,  clusters  of  interlobular  ducts  (fig.  i). 
The  next  stage  of  development  found  was  the  presence  of  numerous  structures  re' 
sembling  lobules  under  low  power  magnification  but  with  no  alveoli  discernible 
under  higher  power  (fig.  2,  3).  Clusters  of  epithelial  cells  appeared  to  have  formed 
alveoli  without  lumina  in  glands  with  greater  lobule  development  (fig.  7,  8). 

Smelser  (8)  proposed  the  use  of  teat  growth  in  the  guinea  pig  as  an  indication  of 
mammary  gland  growth.  He  found  that  0.05  r.u.  of  an  estrogen  daily  for  20  days  gave 
a  minimum  response.  With  0.125  r.u.  and  0.25  r.u.,  increases  of  30  and  70  per  cent 
in  the  length  of  teats  were  obtained.  Turner  and  Gomez  (2)  obtained  a  75  per  cent 
increase  in  teat  length  in  20  days  with  i  r.u.  per  day  of  estrone.  In  this  study  o.oi 
Mg.  daily  of  diethylstilbestrol  caused  an  increase  of  30  per  cent  in  the  length  of  male 
guinea  pig  teats  over  that  of  controls  while  0.1  Mg-  caused  a  153  per  cent  increase. 
Thus  diethylstilbestrol  was  found  to  be  very  active  in  causing  guinea  pig  teat  growth. 
This  agrees  with  the  results  of  Jadassohn  et  al.  (9). 

Gardner  (10)  and  others  have  found  that  increasing  the  dosage  of  estrogen  above 
a  certain  point  caused  a  decline  in  mammary  response.  There  is  little  indication  of 
that  in  this  work  except  that  guinea  pigs  given  10  and  50  Mg-  per  day  of  diethylstib 
bestrol  had  mammary  glands  somewhat  smaller  and  thinner  than  those  given  2  Mg- 
Guinea  pigs  given  0.1,  2  and  10  Mg-  per  day  had  teats  averaging  4.3  mm.  except  for 
one  animal  in  the  group  receiving  2  Mg-  The  group  given  50  Mg-  had  somewhat  shorter 
teats.  The  response  in  lobule  development  was  very  similar  in  the  three  highest  dos' 


Fig.  9.  Microsection  from  male.  This  represents  as  good  development  as  was  obtained  in  this  study 
in  males.  Nonhypertrophied  alveoli  are  numerous  in  closely  spaced  lobules.  This  gland  was  too  thick  to 
photograph  in  gross  mount.  X 17.  Fig.  10.  Higher  magnification  of  the  same  section  as  in  figure  9,  showing 
nonhypertrophied  alveoli.  X230. 
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age  groups.  Probably  the  dosage  was  not  carried  high  enough  to  secure  a  stunting 
effect. 


SUMMARY 

Groups  of  3  to  5  male  guinea  pigs  were  given  subcutaneous  injections  of  diethyh 
stilbestrol  at  dosages  from  o.oi  to  50  micrograms  per  day.  Although  no  obvious  signs 
of  main  duct  growth  were  apparent  some  extension  of  the  mammary  glands  appeared 
to  have  occurred  at  dosage  levels  of  o.i  jug.  per  day  and  above.  Lobule  development 
occurred  in  all  groups  showing  duct  extension.  Early  lobules  contained  no  alveoli  but 
when  developed  further  alveoli  were  numerous.  Development  of  male  mammary 
glands  did  not  compare  favorably  with  that  secured  in  a  single  treated  female.  No 
secretion  was  observed  in  the  male  glands  with  alveoli. 

The  teats  of  male  guinea  pigs  in  all  groups  were  larger  than  those  of  the  controls. 
Higher  dosages  of  diethylstilbestrol  caused  no  greater  development  than  did  o.i  ^g. 
per  day. 
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ROLE  OF  ESTROGEN  IN  THE  STIMULATION  OF  MAM^ 
MARY  LOBULE' ALVEOLAR  GROWTH  BY  PROGESTERONE 
AND  BY  THE  MAMMOGENIC  LOBULDALVEOLAR 
GROWTH  FACTOR  OF  THE  ANTERIOR  PITUITARY'  ^ 

JOHN  P.  MIXNER  and  CHARLES  W.  TURNER 
From  the  Department  of  Dairy  Husbandry,  University  of  Missouri 

COLUMBIA,  MISSOURI 

A  N  EXTENSIVE  LITERATURE  has  accumulated  on  the  synergistic  relationship  of 
estrogen  and  progestin  in  their  action  on  the  various  sexual  processes  with 
^  jY  which  they  are  associated.  Several  investigators  (1-5)  have  demonstrated  the 
synergism  in  action  on  the  growth  of  the  endometrium. 

Weichert  (6)  has  demonstrated  that  a  T^a’  relationship  exists  between  estrogen 
and  progestin  in  the  decidual  reaction  in  the  uterus  of  rats  and  guinea  pigs. 

Dempsey,  Hertz  and  Young  (7)  and  Hertz,  Meyer  and  Spielman  (8)  have  shown 
that  estrogen  conditions  the  copulatory  reflex  in  female  guinea  pigs  so  that  the  subset 
quent  administration  of  progestin  causes  the  appearance  of  this  reflex  when  the  ap' 
propriate  stimulus  is  apphed. 

Similarly  Turner  and  Frank  (9,  10)  with  the  rabbit.  Turner  and  Shultze  (ii)  with 
the  rat  and  Turner  and  Gomez  (12)  with  the  mouse  have  shown  that  a  combination  of 
estrogen  and  progestin  is  necessary  to  secure  complete  mammary  gland  growth,  pro- 
gestin  or  estrogen  alone  being  inadequate.  Lyons  and  McGinty  (13)  and  Sharf  and 
Lyons  (14)  have  more  recently  demonstrated  the  quantitative  relationship  existing 
between  progesterone  and  estrone  in  stimulating  mammary  gland  growth  in  the  male 
rabbit.  On  the  other  hand,  Selye  (15)  has  reported  that  progesterone  alone  may  cause 
complete  mammary  gland  growth  in  female  rats  if  given  in  sufiiciently  large  dosages. 
Mixner  and  Turner  (16)  have  similarly  reported  that  a  synthetic  progesteronedike 
hormone,  pregneninolone  (ethinyl  testosterone)  stimulated  mammary  lobule^alveolar 
growth  when  given  by  itself  although  much  less  of  it  was  required  if  estrone  were 
simultaneously  administered. 

This  picture  of  the  interactions  of  estrogen  and  progestin  in  stimulating  mammary 
gland  growth  is  further  complicated  by  the  findings  of  Gomez  and  Turner  (17)  that 
estrogen  or  estrogen  plus  progestin  failed  to  stimulate  mammary  gland  growth  in  the 
hypophysectomized  rat.  Further  these  investigators  showed  that  anterior  pituitary 
material  would  induce  both  duct  and  lobule-alveolar  growth  in  the  hypophysectO' 
mized  rat.  This  led  them  to  postulate  the  pituitary'mammogen  theory  of  mammary 
gland  growth  (18),  which  suggests  that  estrogen  stimulates  an  increased  secretion  by 
the  anterior  pituitary  of  a  duct'growth  factor  while  progestin  plus  estrogen  causes  an 
increased  secretion  of  a  lobule-alveolar  growth  factor  by  the  pituitary. 

The  purpose  of  this  paper  is  to  further  clarify  the  role  which  estrogen  plays  in  the 
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stimulation  of  mammary  lobule-alveolar  growth  by  progesterone  and  by  the  mammo- 
genic  lobule^alveolar  growth  factor  of  the  anterior  pituitary. 

PROCEDURE 

The  writers  have  recently  developed  a  technic  for  the  assay  of  materials  which 
stimulate  mammary  lobule^alveolar  growth  (19).  This  technic  may  be  used  to  assay 
either  progesterone-like  substances  which  indirectly  stimulate  mammary  lobule- 
alveolar  growth  or  pituitary  extracts  which  directly  stimulate  such  growth.  The 
assay  animal  used  is  the  ovariectomized  virgin  female  mouse  from  which  an  abdomi¬ 
nal  mammary  gland  is  removed  as  a  control  for  the  state  of  mammary  gland  growth. 
A  positive  response  requires  a  minimal  development  of  the  lobule-alveolar  system  of 
the  mammary  gland.  A  mouse  unit  of  material  is  defined  as  “the  total  amount  of  ma¬ 
terial  required  per  mouse,  injected  subcutaneously  daily  over  a  period  of  ten  days, 
to  obtain  definite  lobule-alveolar  development  in  50  +  10  percent  of  10  or  more  cas¬ 
trate,  nulliparous,  female  mice  weighing  between  12  and  18  grams.”  This  assay  tech¬ 
nic  was  employed  in  the  following  experiments. 

EXPERIMENTAL  RESULTS 

In  attempting  to  determine  further  the  quantitative  and  qualitative  relationships 
existing  between  estrogen  and  progestin,  the  following  experiments  were  conducted. 

Estrogen  constant,  progestin  varied.  In  the  first  experiment  (previously  reported, 
19)  the  total  estrone  injected  for  the  lo-day  period  of  the  experiment  was  kept  at  a 


Table  i.  Lobule'ALveolar  responses  of  castrate  female  mice  to  a  constant  dose  of 

ESTRONE  AND  VARYING  DOSAGES  OF  PROGESTERONE 


Number  of 
mice 

Progesterone 
dosage  in  micrograms 
(total) 

Estrone 
dosage  in  i.u. 
(total) 

Lobule-alveolar 

responses 

+ 

Percent 

positive 

3 

1500 

133 

3 

0 

100.0 

12 

1250 

133 

10 

2 

83.3 

10 

1000 

133 

6 

4 

60.0 

12 

750 

133 

5 

7 

41.6 

16 

500 

133 

4 

12 

25.0 

4 

250 

133 

0 

4 

0.0 

4 

125 

133 

0 

4 

0.0 

4 

50 

133 

0 

4 

0.0 

4 

35 

133 

0 

4 

0.0 

constant  level  of  133  i.u.  per  mouse,  while  the  progesterone  was  varied  in  dosage  per 
mouse  from  25  up  to  1500  micrograms  (table  i).  As  may  be  seen  from  the  table  an 
assay  dose  of  progesterone  (with  133  i.u.  of  estrone)  is  approximately  875  ng.,  the 
responses  being  graded  roughly  in  proportion  to  the  dosage  of  progesterone  received. 

Estrogen  varied,  progestin  constant.  In  experiment  2,  the  progesterone  was  kept  at  a 
constant  level  of  injection  per  mouse  of  i  mg.  which  is  close  to  the  assay  dosage,  while 
the  estrone  was  varied  in  amount  for  the  lo-day  period  from  10  i.u.  up  to  2400  i.u. 
per  mouse  (see  table  2).  The  results  indicate  that  a  quantitative  synergistic  ratio 
exists  between  the  progesterone  and  estrone.  In  the  range  of  estrone  injections  of  40 
to  133  I.u.  an  optimal  synergistic  ratio  exists.  When  the  estrone  was  decreased  below 
40  I.U.,  the  estrone  was  insufficient  for  optimal  synergism  with  the  i  mg.  of  pro¬ 
gesterone.  When  the  estrone  was  increased  to  1200  and  2400  i.u.  respectively,  the 
estrone-progesterone  ratio  was  again  not  optimal;  indeed  the  estrone  overrode  the 
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Table  2.  Lobule 'alveolar  responses  of  castrate  female  mice  to  varying  dosages  of 

ESTRONE  AND  A  CONSTANT  DOSE  OF  PROGESTERONE 


Number  of 
mice 

Progesterone 
dosage  in  mg. 
(total) 

Estrone 
dosage  in  i.u. 
(total) 

Lobule-alveolar 

responses 

+ 

Percent 

positive 

10 

1 

10 

2 

8 

20.0 

10 

1 

40 

6 

4 

60.0 

11 

1 

70 

7 

4 

63.6 

11 

1 

100  1 

6 

5 

54-5 

10 

1 

IJJ 

6 

4 

60.0 

9 

I 

1200 

3 

6 

33-3 

9 

1 

2400 

0 

9 

0.0 

progesterone  activity  in  these  cases  so  that  little  or  no  mammary  lobuk'alveolar 
growth  resulted. 

Progestin  alone.  The  animals  in  experiment  3  (table  3)  received  progesterone  alone 
in  increasing  dosages.  The  results  demonstrate  quantitatively  the  greatly  increased 
amount  of  progesterone  required  to  secure  lobule-alveolar  growth  when  an  estrogen 
is  not  given  in  conjunction  with  it.  These  animals  were  ovariectomized  about  10  days 
before  the  start  of  the  progesterone  injections  so  that  any  endogenous  estrogen  might 
be  eliminated  from  their  system.  Approximately  6  times  as  much  progesterone  was  re- 
quired  to  secure  a  unit  response  as  was  required  in  experiment  i,  when  estrogen  also 
was  injected  with  the  progesterone.  These  results  agree  very  well  with  those  pre- 
viously  reported  by  the  authors  (16)  for  pregneninolone,  a  progesterone'Hke  com' 
pound.  Ten  mg.  of  pregneninolone  injected  alone  was  required  for  an  assay  response 
while  only  2  mg.  was  required  if  estrone  was  injected  with  the  pregneninolone,  a  5  to 
I  ratio  as  compared  to  the  6  to  i  ratio  for  progesterone. 

These  experiments  on  the  quantitative  relationships  of  progesterone  to  estrone 
in  promoting  mammary  lobule-alveolar  growth  are  especially  interesting  and  signifi¬ 
cant  when  compared  to  similar  experiments  with  pituitary  mammogenic  lobule-alveo¬ 
lar  growth  extracts,  with  and  without  estrogen. 

Anterior  pituitary  extracts.  In  previous  experiments  (19,  20)  reported  by  this 
hboratory,  pituitary  materials  without  estrogen  have  been  injected  into  our  assay 
animals  and  mammary  lobule-alveolar  growth  responses  have  been  secured.  How¬ 
ever,  the  results  secured  were  not  very  uniform  or  predictable  and  the  amounts  of 
pituitary  material  required  to  obtain  responses  were  relatively  large.  With  the  results 
of  the  progesterone  experiments  reported  in  this  paper  in  mind,  it  was  felt  that  estro¬ 
gen  might  play  some  special  role  in  conjunction  with  pituitary  extracts  as  welj  as 
with  progesterone  in  promoting  mammary  lobule-alveolar  growth. 

Table  4,  containing  the  data  for  experiment  4,  shows  the  type  of  results  that  have 
been  secured  with  pituitary  materials  injected  with  and  without  estrone.  These  data 


Table  3.  Lobule^alveolar  responses  of  castrate  female  mice  to  varying  dosages 
OF  progesterone  alone 


Number  of 
mice 

Progesterone 
dosage  in  mg. 

(total) 

Lobule-alveolar 

responses 

+ 

Per  cent 
positive 

24 

3i 

2 

22 

8.3 

24 

4I 

5 

19 

20.8 

26 

6 

11 

?7-7 

24 

7i 

17 

7 

70.8 
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in  conjunction  with  our  experiments  (19,  20)  on  pituitary  materials  previously  re' 
ported,  demonstrate  that  estrogen  is  just  as  important  a  factor  in  conjunction  with 
pituitary  materials  as  it  is  with  progesterone  in  promoting  mammary  lobule-alveolar 
growth.  Employing  estrogen,  uniform,  repeatable  and  predictable  results  were  se- 
cured  with  much  less  pituitary  material  than  was  previously  required  for  such  re' 
sponses.  In  the  earlier  experiments  without  estrogen  as  much  as  400  mg.  of  fresh 
pituitary  from  pregnant  cattle  was  required  for  an  assay  response,  while  it  may  be 
seen  from  table  4  that  only  35  mg.  of  such  pituitary  material  is  required  if  estrone  is 
given  in  addition. 

The  comparison  of  an  assay  in  table  4  (last  line)  with  one  in  table  2  (last  line)  is  of 
special  interest  in  this  problem  of  estrogen  activity.  Twenty'four  hundred  i.u.  of 
estrone  completely  inhibited  the  activity  of  i  mg.  of  progesterone  (i  mouse  unit,  from 
table  2)  while  this  same  dosage  of  estrone  did  not  inhibit  the  activity  of  15  mg.  of  ace' 
tone  dried  pituitary  (i  mouse  unit,  from  table  4)  from  pregnant  cattle. 

Substitution  of  other  estrogens  for  estrone.  Both  estradiol  benzoate  and  diethyl' 
stilbestrol  may  replace  estrone  as  an  estrogen  in  conjunction  with  progesterone  to 
secure  mammary  lobuk'alveolar  responses  as  shown  by  the  data  in  table  5.  Without 
doubt  other  estrogens  as  well  could  also  be  satisfactorily  substituted  for  estrone. 

Table  4.  Lobule -alveolar  responses  of  castrate  female  mice  to  anterior  pituitary 

MATERIALS  WITH  AND  WITHOUT  ESTROGEN 


Number  of 
mice 


JnttwiI  extract  of  cattle  pituitary 


Pituitary  Material 

Estrone 

Lobule-alveolar 

Total  dosage 

dosage  in 

responses 

in  mg. 

I.u.  (total) 

+ 

Per  cent 
positive 


k 


5 

5.0 

0 

5 

0.0 

5 

10. 0 

0 

5 

0.0 

4 

15.0 

0 

5 

0.0 

5 

20.0 

I 

4 

20.0 

4 

25,0 

0 

4 

0.0 

4 

50.0 

0 

4 

0.0 

10 

10. 0 

75 

3 

7 

30.0 

15 

12.5 

75 

13 

2 

87.0 

26 

17-5 

75 

15 

1 

96.1 

Lot  XIV,  pregnant  cattle  anterior  pituitary 


13 

35-0 

75 

7 

6 

53-8 

15 

5C.0 

75 

13 

2 

86.7 

14 

100.0 

75 

14 

0 

100.0 

12 

150.0 

75 

12 

0 

100.0 

Lot  XIV,  Acetone  dried 


13 

15.0 

75 

6 

7 

46.1 

12 

30.0 

75 

II 

I 

91.2 

Lot  XV,  pregnant  cattle  anterior  pituitary 

13 

35-0 

75 

7 

6 

53-8 

Lot  XV,  Acetone  dried 


14 

15.0 

75 

8 

6 

57-1 

12 

15.0 

2400 

7 

5 

58.3 
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Table  5.  Substitution  or  other  estrogens  for  estrone  with  progesterone  to  promote 

LOBULE-ALVEOLAR  RESPONSES  OF  CASTRATE  FEMALE  MICE 


Number  of 
mice 

Progesterone 
dosage  in  mg. 
(total) 

Estrogen  used 
and  total  dosage 
in  micrograms 

Lobule-alveolar 

responses 

+ 

Per  cent 
positive 

9 

I 

Estrone,  7.5 

nn 

II 

I 

Estradiol  benzoate,  5.0 

12 

I 

Diethylstilbestrol,  25.0 

DISCUSSION 

Lyons  and  McGinty  (13)  and  Scharf  and  Lyons  (14)  conducted  experiments  on 
mammary  gland  growth  in  male  rabbits  and  determined  that  1  mg.  of  progesterone 
synergizes  best  with  about  240  i.u.  of  estrone  which  results  are  in  accord  with  those 
reported  in  experiments  i  and  2.  Apparently  the  range  of  estrogen  that  will  synergize 
with  a  given  dosage  of  progesterone  is  quite  wide,  but  an  estrogen  dosage  which  is  too 
high  or  too  low  will  adversely  affect  mammary  gland  growth  as  shown  by  experiment 
2.  Gardner  (22)  was  able  to  inhibit  mammary  gland  growth  with  large  amounts  of 
estrogen  in  male  mice,  immature  female  and  male  monkeys,  and  female  dogs.  In  experi' 
ment  2  of  this  paper,  2400  i.u.  of  estrone  inhibited  the  activity  of  i  mg.  (i  mouse  unit) 
of  progesterone  (table  2)  while  this  same  amount  of  estrone  did  not  inhibit  the  activity 
of  15  mg.  (i  mouse  unit)  of  a  pituitary  extract  (table  4,  last  line).  It  would  appear  from 
this  comparison  that  the  high  estrogen  dosage  inhibits  progesterone  (or  estrogen) 
activity  through  the  inhibitory  action  of  estrogen  on  the  pituitary  so  that  the  pitui¬ 
tary  is  less  responsive  to  the  stimulation  of  progesterone  or  the  estrogen.  The  high 
estrogen  administration  does  not  inhibit  the  capacity  of  the  mammary  glands  as  end 
organs  to  respond  to  the  direct  growth  stimulus  with  mammary  lobule-alveolar 
growth  as  shown  by  the  experiment  with  pituitary  extract  and  high  estrone  (table  4, 
last  line). 

Reece  and  Leonard  (23)  have  suggested  as  a  result  of  experiments  on  mammary 
growth  in  hypophysectomized  rats  that  either  their  pituitary  growth  extract  sensi¬ 
tized  the  mammary  gland  to  the  action  of  estrogen  or  that  the  estrogen  sensitized  the 
mammary  gland  to  the  action  of  the  pituitary  extract.  The  latter  explanation  would 
be  more  tenable  in  view  of  their  results  that  growth  was  secured  with  the  pituitary 
extract  alone,  but  could  not  be  secured  with  estrogen  alone.  The  pituitary  factor 
would  thus  be  a  primary  one  in  mammary  gland  growth  while  the  estrogen  would  be 
only  secondary.  Gardner  and  White  (24)  secured  similar  results  in  hypophysecto¬ 
mized  male  mice.  Pituitary  extracts  of  high  and  low  lactogenic  potency  were  injected 
alone  into  these  mice.  Mammary  growth  was  secured  only  with  the  lactogenic  ex¬ 
tract  of  low  potency.  When  estrogen  was  added  mammary  growth  was  secured  with 
both  pituitary  lactogenic  extracts.  They  suggest  that  the  lactogenic  extract  sensitizes 
the  mammary  gland  to  the  action  of  estrogen  to  secure  mammary  gland  growth.  We 
suggest  that  here  again  the  estrogen  is  enhancing  the  activity  of  a  mammogenic  factor 
which  is  contained  in  the  lactogenic  extract.  Progesterone  alone  (experiment  3)  and 
pituitary  materials  alone  (experiment  4)  caused  mammary  lobule-alveolar  growth. 
However,  much  larger  quantities  of  these  materials  were  required  than  if  estrogen 
was  also  supplied.  This  points  to  the  idea  that  the  estrogen  has  no  action  on  the  pi¬ 
tuitary  in  stimulating  the  secretion  of  the  mammogenic  lobule-alveolar  growth  factor, 
but  rather  that  it  acts  on  the  mammary  stromal  tissue,  the  progesterone  alone  stimu¬ 
lating  the  pituitary  to  the  secretion  of  an  alveolar  growth  factor. 

Hechter,  Lev  and  Soskin  (25)  pointed  out  that  the  effects  of  estrogen  may  be  di- 
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vided  into  specific  effects  which  are  not  dependent  on  hyperemia  and  those  which  are 
non-specific  and  secondary  to  the  production  of  hyperemia  and  may  therefore  be 
associated  with  the  acetylcholine-liberating  action  of  estrogen.  Estrogen  increases  the 
metabolism  of  the  uterus  (26)  and  also  increases  the  permeability  of  the  uterine  blood 
vessels  (26, 27)  causing  an  edematous  condition  there.  Freed  and  Lindner  (28)  reported 
that  estrone  caused  an  increase  in  capillary  permeability  in  the  skin  on  the  rabbits 
abdomen.  Chamberlin,  Gardner  and  Allen  (29)  applied  estrogen  cutaneously  to  the 
sexual  skin  and  mammary  glands  of  immature  rhesus  monkeys  and  secured  local 
vascular  responses  of  edema  and  hyperemia.  Speert  (30),  also  studying  the  rhesus 
monkey,  showed  definite  cyclic  changes  in  the  mammary  gland  associated  with  an  ovu¬ 
latory  cycle.  There  was  lobular  dilation  and  enlargement,  and  the  vascularity  of  the 
gland  was  markedly  increased.  Estrogen  may  thus  act  directly  on  the  mammary  gland 
increasing  the  permeability  of  the  capillaries  and  tissues  and  producing  a  hyperemia 
and  increased  vascularity  of  the  mammary  gland.  This  could  be  the  explanation  for 
the  enhancing  action  of  estrogen  on  progesterone  and  pituitary  extracts  secured  in  the 
experiments  reported  in  this  paper,  and  could  also  explain  the  results  of  Reece  and 
Leonard  (23)  and  Gardner  and  V^ite  (24)  as  already  discussed. 

Estrogen  could,  in  addition,  have  a  special  sensitiang  effect  on  the  mammary 
gland  such  that  it  would  be  more  responsive  to  stimulation  by  the  pituitary  mammo- 
genic  factors. 

These  actions  of  estrogen  might  also  explain  how  local  growth  of  the  mammary 
gland  has  been  secured  by  the  percutaneous  application  of  estrogen  (29,  31-34).  Pi¬ 
tuitary  mammogen  which  is  circulating  in  the  blood  stream  in  subminimal  or  in 
minimal  amounts  for  mammary  gland  growth  would  find  a  localized  hyperemic  and 
edematous  condition  at  the  site  of  percutaneous  application  of  estrogen  such  that  a 
differential  growth  of  mammary  glands  could  be  secured.  That  a  circulating  pituitary 
mammogen  is  necessary  for  local  mammary  gland  growth  is  suggested  by  the  experi¬ 
ments  of  Leonard  and  Reece  (35)  and  of  Gomez  (36)  who  found  that  doses  of  estrogen 
which  were  effective  in  normal  animals  in  promoting  local  growth  of  the  mammary 
gland  were  ineffective  when  applied  to  hypophysectomized  animals. 

On  the  basis  of  all  evidence  now  at  hand,  the  activities  of  estrogen  and  progester¬ 
one  in  stimulating  mammary  gland  growth  in  the  normal  animal  may  be  outlined 
briefly.  With  the  sexual  development  of  the  animal  as  a  result  of  the  increased  secre¬ 
tion  of  the  anterior  pituitary  gonadotropic  hormones,  the  ovaries  begin  to  secrete 
estrogen.  The  estrogen  acts  primarily  upon  the  pituitary,  stimulating  an  increased 
secretion  of  the  mammogenic  duct-growth  factor  which  passes  to  the  mammary  gland 
and  stimulates  the  growth  of  the  duct  system.  Secondarily,  estrogen  acts  directly 
upon  the  various  genital  tissues  including  the  mammary  gland,  increasing  the  vascu¬ 
larity  and  permeability  of  the  capillaries,  and  perhaps  sensitizing  the  mammary  gland 
to  stimulation  by  the  pituitary  mammogens.  The  cylic  nature  of  the  duct  growth  is 
due  to  the  increased  estrogen  secretion  of  the  ovary  during  the  estrous  phase  of  the 
cycle,  acting  both  on  the  pituitary  and  on  the  mammary  gland  stroma. 

Progesterone  is  produced  by  the  corpus  luteum,  which  persists  after  conception, 
and  estrogen  is  produced  in  increasing  amounts.  It  is  suggested  that  progesterone 
stimulates  the  anterior  pituitary  to  an  increased  secretion  of  the  mammogenic  lobule- 
alveolar  factor  which  directly  stimulates  mammary  lobule-alveolar  growth.  The  es¬ 
trogen  present  continues  to  influence  favorably  the  vascularity  and  the  permeability 
of  the  capillaries  in  the  mammary  gland  stroma  and  thus  not  only  synergistically  in¬ 
fluences  the  activity  of  the  mammogenic  lobule-alveolar  growth  factor,  but  directly 
influences  the  growth  of  the  teat  and  the  mammary  gland  stromal  tissue. 
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These  concepts  of  estrogenic  activity  and  its  relation  to  mammary  gland  growth 
seem  to  satisfy  the  recent  experimental  data  on  this  subject. 

SUMMARY 

The  range  of  the  amount  of  estrone  which  will  best  synergize  with  i  mg.  of  pro¬ 
gesterone  in  stimulating  mammary  lobule-alveolar  growth  is  quite  wide,  but  around 
100  i.u.  of  estrone  is  optimal. 

When  progesterone  was  injected  alone  approximately  6  times  as  much  was  re¬ 
quired  to  secure  the  same  degree  of  alveolar  growth  as  when  estrone  was  simultane¬ 
ously  injected. 

Similarly,  estrone  markedly  enhanced  the  ability  of  pituitary  materials  to  cause 
such  alveolar  growth. 

Estrone  in  large  amounts  inhibited  the  activity  of  progesterone  so  that  no  alveolar 
growth  was  secured.  Estrone  did  not  inhibit  the  activity  of  pituitary  materials. 

Estradiol  benzoate  and  diethylstilbestrol  may  be  substituted  for  estrone  as  a 
synergist  with  progesterone  to  secure  mammary  lobule-alveolar  growth. 

The  possible  ways  and  means  by  which  estrogen  may  synergize  with  progesterone 
and  the  pituitary  mammogenic-lobule-alveolar-growth  factor  in  promoting  mammary 
lobule-alveolar  growth  are  discussed. 
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EFFECTS  OF  ESTROGENS  AND  OTHER  STEROIDS 
ON  CAPILLARY  PERMEABILITY^ 
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LOS  ANGELES,  CALIFORNIA 

IN  PREVIOUS  WORK  wc  have  shown  that  the  administration  of  estradiol  benzoate 
produces  a  marked  accumulation  of  trypan  blue  in  the  uteri  of  castrated  rats  and 
rabbits  (i).  This  finding  indicates  that  estrogen  increases  the  permeability  of  the 
uterine  capillaries  and  seems  to  account,  in  part,  for  the  accumulation  of  uterine  fluid 
produced  by  the  hormone. 

The  present  work  is  a  study  of  the  action  of  estrogen  on  general  capillary  permea^ 
bility,  and  includes  an  evaluation  of  the  effect  on  capillary  permeabihty  of  desoxy^ 
corticosterone  acetate,  testosterone  dipropionate  and  progesterone.  In  this  study 
particular  attention  has  been  given  to  the  possibility  that  the  salt  and  water^retaining 
activity  shown  by  various  steroids  (2),  including  those  tested  in  our  studies,  might 
be  mediated  by  way  of  a  generalized  increase  in  capillary  permeabihty. 

METHODS 

Changes  in  the  permeabihty  of  the  capillaries  of  various  tissues,  induced  by  the 
steroid  hormones  tested,  were  evaluated  indirectly  by  ascertaining  the  degree  of 
trypan  blue  passage  through  capillary  membranes.  Following  the  intravenous  injec- 
tion  of  trypan  blue,  the  dye  circulates  through  the  vascular  channels,  passes  through 
capillary  membranes  of  suflScient  porosity  and  stains  the  tissue.  Any  excess  over  and 
above  that  amount  which  can  be  fixed  or  retained  by  the  tissue  is  removed  in  time  by 
way  of  the  lymphatic  channels  and  eventually  finds  its  way  back  into  the  blood 
stream. 

From  the  foregoing  it  is  apparent  that  the  amount  of  trypan  blue  within  a  stained 
tissue  is  the  resultant  of  two  factors;  a),  the  amount  of  dye  within  the  vascular  chan- 
nels  and  b),  that  within  the  tissue  proper.  The  quantity  of  dye  accumulated  by  a  tis' 
sue,  exclusive  of  that  in  the  vascular  channels,  depends  on  the  balance  between  the 
rate  of  dye  penetration  through  the  capillary  wall  and  the  rate  of  dye  removal.  The 
latter  factor  in  turn  depends  in  great  part  on  the  degree  of  dye  fixation.  In  these 
studies  the  effect  of  various  steroid  hormones  on  the  permeabihty  of  capillaries  to 
trypan  blue  was  evaluated  first  by  comparing  the  degree  of  accumulation  of  dye  in 
hormone'treated  and  in  control  tissues;  and  secondarily  by  correcting  for  possible 
effects  on  dye  accumulation  which  might  have  resulted  from  the  action  of  the  hot' 
mone  on  extra-capillary  permeability  factors  which  influence  dye  accumulation. 

Dosage  and  time  intervals  for  study  of  dye  accumulation.  In  order  to  study  satis¬ 
factorily  changes  in  dye  accumulation  with  trypan  blue  in  the  whole  animal,  it  was 
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first  necessary  to  study  the  influence  of  dosage  and  time  upon  the  concentration  of 
trypan  blue  in  various  tissues.  A  priori,  the  arbitrarily  chosen  dosage  of  the  dye  and 
time  interval  should  produce  the  following  results:  d),  there  should  be  an  excess 
amount  of  dye  so  that  no  one  tissue  with  excessively  porous  capillaries  takes  up  all  of 
the  available  dye;  b),  the  amount  of  dye  injected  should  be  sufficient  to  stain  all  tissues 
with  porous  capillary  walls,  but  small  enough  to  prevent  maximal  staining,  thus  per- 
mitting  examination  of  changes  in  dye  accumulation  due  to  the  effect  of  hormones  in- 
those  tissues  whose  capillaries  normally  are  permeable  to  trypan  blue;  c),  the  interval 
during  which  the  dye  circulates  should  be  sufficiently  short  to  determine  the  amount 
of  trypan  blue  accumulated  before  excessive  dye  exchanges  due  to  lymphatic  removal 
and  other  possible  factors  become  operative.  On  the  other  hand,  the  time  interval 
must  be  of  sufficient  duration  to  allow  the  dye  to  circulate  and  reach  a  state  of  dis' 
tribution  equilibrium. 

In  order  to  study  these  points,  rats  anesthetized  with  avertin  were  injected 
through  the  tail  vein  with  0.25,  0.50,  i.o,  and  2.0  cc.  of  a  i  per  cent  trypan  blue  solu' 
tion  in  saline.  They  were  killed  i.o  minute,  0.5,  i.o,  and  24  hours  after  the  dye  injec¬ 
tion,  by  a  blow  on  the  head  or  by  nembutal.  No  differences  in  tissue  staining  were 
apparent  in  the  final  results  between  the  two  methods  of  killing  the  animals.  The 
data  in  table  i  were  obtained  on  macroscopic  examination  of  the  tissues. 

The  results  may  be  summarized  as  follows,  a).  The  porosity  of  capillary  mem¬ 
branes  appears  to  vary  from  tissue  to  tissue  throughout  the  organism.  Thus  liver, 
kidney,  gut,  bladder,  skin  and  thyroid  appeared  to  have  capillaries  which  were  suf¬ 
ficiently  permeable  to  allow  trypan  blue  to  pass  through,  while  the  capillaries  of 
lung,  brain,  diaphragm,  spleen,  gastrocnemius  muscle,  castrate  uterus  and  vagina,  ap¬ 
peared  to  be  relatively  impermeable.  If  the  passage  of  trypan  blue  through  a  capillary 
wall  be  accepted  as  an  index  of  abnormal  permeability,  then  it  appears  that  the  capil¬ 
laries  of  many  tissues  are  abnormally  permeable.  Further  discussion  of  this  aspect  of 
our  findings  and  of  their  physiological  significance  is  beyond  the  province  of  this 
paper,  b).  Within  the  24'hour  period  following  dye  injection  it  is  apparent  that  sig¬ 
nificant  shifts  in  the  location  of  trypan  blue  may  occur  with  varying  rates  of  velocity. 
Those  sites  of  rapid  exchange  included  the  liver,  which  in  the  first  minute  following 
injection  stains  intensely  but  within  30  minutes  loses  most  of  this  trypan  blue,  and 
kidney  cortex,  in  which  a  similar  reaction  occurs.  Proceeding  at  a  markedly  slower 
velocity  are  those  dye  exchanges  which  become  marked  only  after  a  lapse  of  hours 
following  injection.  Thus,  for  example,  kidney  medulla,  thyroid  and  gut  lose  dye 
within  a  24-hour  period  and  conversely,  the  concentration  of  dye  in  the  kidney  cortex 
and  skin  is  greater  after  24  hours  than  at  the  end  of  0.5  or  1.0  hour.  c).  It  is  apparent 
that  the  trypan  blue  accumulated  by  a  tissue  depends  not  only  upon  the  type  of  tissue 
and  upon  the  time  interval  of  dye  action,  but  also  upon  the  amount  of  dye  injected. 
It  is  clear  that  with  sufficiently  small  doses  of  the  dye,  no  tissue  will  be  significantly 
stained.  On  the  other  hand,  an  increase  of  dosage  of  the  dye  does  not  necessarily 
produce  a  staining  of  tissues  similar  to  that  observed  in  the  castrate  uterus  and  vagina, 
diaphragm,  lung,  muscle,  spleen  and  brain. 

The  arbitrary  dose  chosen  for  study  of  hormone  effects  on  dye  accumulation  was 
I  cc./ 100  gm.  of  body  weight  of  a  i  per  cent  trypan  blue  solution.  It  will  be  seen  that 
this  dose  produced  neither  minimal  nor  maximal  staining.  The  time  interval  arbi¬ 
trarily  chosen  for  dye  circulation  was  30  minutes.  The  effect  of  a  particular  dose  of 
hormone  on  dye  concentration  in  all  cases,  unless  otherwise  mentioned,  was  derived 
by  comparing  the  trypan  blue  accumulation  induced  in  a  large  series  of  hormone- 
treated  animals  with  that  observed  in  a  series  of  suitable  controls. 


6oo 


OSCAR  HECHTER,  LEON  KROHN  AND  JOSEPH  HARRIS 


Volume  JO 


In  addition  to  the  above  procedure,  by  which  general  information  regarding  hor- 
mone  effects  on  dye  accumulation  was  obtained,  experiments  using  the  technic  of 
Menkin  (3)  were  employed  for  evaulation  of  the  hormone  effects  on  dye  accumulation 
in  skin.  The  advantages  of  this  method  are  that  each  animal  serves  as  its  own  control, 
thus  removing  factors  of  individual  variation,  and  that  many  substances  may  be 
tested  simultaneously.  However,  it  is  technically  difficult  to  utilize  this  method  on 
tissues  other  than  skin.  Intracutaneous  injections  of  various  hormone  suspensions  or 
solutions  were  made  into  the  abdomen  of  castrated  rats  and  rabbits  which  had  been 
carefully  shaved  48  hours  prior  to  the  date  of  experiment.  Prior  to,  and  then  again  as 
soon  as  possible  after  the  intracutaneous  hormone  injection,  other  areas  of  the  ab' 
domen  were  injected  intracutaneously  with  an  equivalent  amount  of  the  control  sus' 
pension  or  solution.  Rats  and  rabbits  received  0.05  to  o.io  cc.  and  o.i  to  0.2  cc.  re- 
spectively  of  the  materials  to  be  tested  intracutaneously.  At  varying  periods  of  time 
ranging  from  30  minutes  to  6  hours  after  the  last  intracutaneous  hormone  injection, 
trypan  blue  was  administered  intravenously.  Rats  received  0.5  to  i.o  cc.  while 
rabbits  received  5  to  10  cc.  of  a  i  per  cent  trypan  blue  solution.  In  every  instance,  one 
area  of  the  animal  skin  was  treated  with  xylol.  This  treatment  regularly  produced 
marked  dye  accumulation  in  the  xylohtreated  area,  and  afforded  a  demonstration  that 
conditions  for  dye  accumulation  were  adequate.  Experiments  testing  the  effect  of  the 
control  vehicles  used  on  dye  accumulation  were  likewise  carried  out. 

Dye  fixation  in  normal  tissues.  Studies  were  undertaken  to  elucidate  the  mecha- 
nism  by  which  trypan  blue  is  fixed  in  normal  tissues,  with  the  following  objectives  in 
mind:  a),  to  develop  a  method  whereby  it  would  be  possible  to  test  the  effect  of  hor- 
mones  on  dye  fixation;  and  b),  to  learn  whether  tissues  such  as  lung,  brain  and  gastroc¬ 
nemius  muscle  fail  to  stain  because  they  have  an  inadequate  mechanism  for  dye  fixa¬ 
tion,  or  whether  the  absence  of  staining  reflects  the  impermeabiUty  of  the  capillary 
wall  to  trypan  blue  in  this  type  of  tissue. 

It  seemed  possible  that  an  idea  of  the  qualitative  character  of  dye  fixation  might 
be  obtained  by  the  use  of  appropriate  procedures  for  extraction  of  trypan  blue  from 
stained  tissues.  To  this  end  the  blue  tissues  of  rats  injected  with  varying  amounts  of 
trypan  blue,  which  had  been  allowed  to  act  for  varying  periods  of  time,  were  minced 
into  a  fine  brei  with  scissors.  The  breis  were  ground  with  sand  and  saline  in  a  mortar. 
The  mixture  was  transferred  to  a  flask  and  allowed  to  stand  at  room  temperature, 
with  occasional  shaking,  for  24  hours.  The  mixture  was  then  centrifuged  and  the 
color  of  the  saUne-soluble  material  and  of  the  residue  compared.  In  all  of  the  blue  tis¬ 
sues  so  tested  (skin,  gut,  kidney,  liver  and  heart)  trypan  blue,  a  water  soluble  dye 
was  not  appreciably  extracted  by  saline  under  the  conditions  described;  it  seemed 
bound  to  the  saline-insoluble  residue. 

In  order  to  obtain  information  about  the  nature  of  the  retention  of  the  trypan 
blue  in  the  saline-insoluble  residue,  further  experiments  were  carried  out  using  deeply 
stained  tissues.  Extraction  of  such  tissues  with  saline  after  maceration  while  frozen 
with  dry  ice,  or  by  extensive  grinding  with  sand,  failed  to  free  the  dye.  That  the 
trypan  blue  was  firmly  bound  to  the  insoluble  residue  seems  evident  from  the  follow¬ 
ing  facts;  extraction  of  the  stained  tissue  with  boiling  water,  with  hot  or  cold  acid  or 
with  small  amounts  of  base  failed  to  free  the  dye  from  the  insoluble  residue.  The 
effect  of  base  could  not  be  accurately  ascertained  since  the  addition  of  large  amounts  of 
alkali  destroyed  the  color  of  the  dye.  After  formalin  fixation  of  stained  organs,  the 
same  extraction  procedures  still  failed  to  free  appreciable  amounts  of  trypan  blue. 
These  findings  suggest  that  the  dye  might  be  firmly  bound  to  structural  proteins.  The 
blue,  saline-insoluble  residues  were  therefore  extracted  with  Tisdale’s  solution 
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(o.6m  KCI,  o.oiM  Naj  CO3,  0.04M  Na  H(X)3  in  30%  urea)  which  has  been  used  for 
the  extraction  of  kidney  structural  proteins  (4).  Such  extraction  removed  small  but 
significant  amounts  of  dye  from  the  residue.  The  salt'urea  insoluble  residue  retained 
the  remainder  of  the  trypan  blue.  Upon  dilution  of  the  bluish  urea-salt  solution  with 
5  to  6  volumes  of  water,  a  bluish  flocculent  precipitate,  presumably  protein,  ap¬ 
peared.  None  of  the  blue  went  into  solution,  thus  indicating  dye  absorption  on  this 
precipitated  fraction.  The  residue  insoluble  in  urea-salt  solution  was  dissolved  in 
30  per  cent  urea,  containing  2  per  cent  NaOH,  with  heat,  but  the  dye  lost  its  color 
after  such  treatment.  Precipitation  of  this  fraction  with  water  and  neutralization 
failed  to  restore  the  blue  coloration,  although  the  protein  precipitated  out  of  solution. 
These  experiments  indicate  that  most  of  the  trypan  blue  in  a  stained  tissue  is  rather 
firmly  bound  to  a  material  not  extractable  by  salt  solution,  presumably  the  structural 
proteins. 

It  then  became  of  interest  to  determine  whether  or  not  the  binding  of  trypan  blue 
by  salt-solution-insoluble  cell  constituents  occurs  in  vitro  as  well  as  in  vivo.  The  organs 
of  rats  not  treated  with  dye  were  removed,  rapidly  minced  and  ground  with  saline  in 
a  mortar.  After  about  one  hour,  o.i  cc.  of  a  o.i  per  cent  solution  of  trypan  blue  was 
added  to  each  tissue  suspension  and  thoroughly  mixed.  One-half  hour  later  the  mix¬ 
ture  was  centrifuged  and  the  clear  supernatant  solution  containing  the  excess  trypan 
blue  was  discarded.  The  residues  were  washed  with  saline  and  centrifuged  until  all 
traces  of  free  trypan  blue  had  been  removed.  Examination  of  the  residues  revealed 
that  significant  amounts  of  dye  had  been  bound  in  all  cases.  This  binding  of  trypan 
blue  by  cell  constituents  in  vitro  occurred  with  kidney,  liver  and  skin  breis,  and  also 
occurred  to  at  least  the  same  extent  with  breis  of  castrate  uterus,  brain,  lung,  gas¬ 
trocnemius  muscle  and  diaphragm.  The  dye  bound  during  this  in  vitro  procedure, 
reacted  similarly  to  dye  bound  in  vivo  with  regard  to  boiling  water  and  urea  solution. 
These  data  indicate  that  all  of  the  organs  tested  have  cell  constituents  (probably  the 
tissue  structural  proteins)  which  have  the  ability  to  adsorb  trypan  blue.  The  absence 
of  staining  in  vivo  in  tissues  such  as  castrate  uterus,  lung,  brain,  gastrocnemius  muscle, 
and  diaphragm,  therefore  indicates  that  trypan  blue  intravenously  administered  does 
not  come  in  contact  with  these  cell  constituents.  Such  a  situation  would  result  either 
if  the  dye  did  not  pass  through  the  capillary  wall,  or  if  the  dye  did  pass  through  but 
these  cell  constituents  were  not  somehow  available.  This  second  possibility,  however, 
seems  unlikely  since  the  staining  of  castrate  uterus,  lung  or  muscle  observed  following 
direct  injection  of  dye  into  those  organs  would  be  difficult  to  explain  on  this  latter 
basis.  The  absence  of  staining  in  vivo  with  trypan  blue  has,  therefore,  been  taken  as 
an  indication  of  the  failure  of  trypan  blue  to  pass  through  the  capillaries  of  the  tissue 
concerned. 

In  view  of  the  foregoing  experiments  the  following  in  vitro  method  was  adopted 
for  analysis  of  the  effects  of  steroid  hormone  on  dye  fixation.  Suspensions  of  hormone- 
treated  and  control  tissues  were  treated  with  an  excess  of  trypan  blue  in  vitro.  The 
degree  of  dye  adsorption  was  compared  semiquantitatively  by  color  examination  of 
the  saline-insoluble  cell  constituents,  after  removal  of  all  the  free  trypan  blue  by  re¬ 
peated  washing  and  centrifugation. 


RESULTS 

Effects  of  estrogen  on  trypan  blue  accumulation  in  various  tissues.  The  effect  of 
estrogens  on  trypan  blue  accumulation  was  evaluated  by  comparing  the  degree  of 
dye  concentration  in  organs  of  control  castrated  female  rats  with  that  observed  after 
various  estrogen  treatments.  The  rats  weighed  between  100  and  150  gm.  and  were 
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Table  2.  Effect  of  estrogens  on  trypan  blue  accumulation  in  rat  uterus  and  vagina 


No.  of 
rats 

Estrogen 

Dose, 

Subcutaneously 

Time  of  Examination 

I  After  ist  Injection 

Results 

10 

Estradiol  benzoate 

10  R.U. 

6  hr. 

12 

Estradiol  benzoate 

2000  R.U. 

6  hr. 

12 

Estradiol  benzoate 

2000  R.U. 

24  hr. 

An  increased 

12 

Estradiol  benzoate 

10,000  R.U.  every 
other  dayX5 

10  days 

dye  accumulation 
in  uterus  and  va* 

8 

Estradiol 

I  mg. 

6  hr. 

gina  was  found 

8 

Estradiol 

I  mg. 

24  hr. 

in  all  instances 

8 

Estradiol 

1  mg. 

48  hr. 

10 

Estrone 

0. 5  mg. 

6  hr. 

10  . 

Estrone 

0.5  mg. 

24  hr. 

10 

Estrone 

0.5  mg. 

48  hr. 

8 

Estriol 

0. 5  mg. 

48  hr. 

castrated  at  least  two  weeks  prior  to  the  date  of  the  experiment.  The  accumulation 
of  dye  in  the  various  tissues  of  24  control  female  castrates,  30  minutes  after  the  ad' 
ministration  of  i.o  cc.  per  100  gm.  of  body  weight  of  trypan  blue,  is  illustrated  in 
table  I.  The  results  recorded  in  table  2  indicate  the  effect  of  estrogens  on  dye  accumu' 
lation.  It  will  be  seen  that  the  estrogens  used,  independent  of  the  amounts  employed, 
increased  the  degree  of  dye  accumulation  in  the  vagina  and  uterus.  Examination  of 
the  remainder  of  the  estrogen'treated  tissues  listed  in  table  i  revealed  no  significant 
differences  from  those  of  the  control  group. 

Effects  of  estrogen  on  trypan  blue  accumulation  in  sl^n.  The  analysis  of  the  action 
of  various  substances  by  the  intracutaneous  method  is  complicated  by  a  difficulty 
that  is  not  always  apparent.  Table  3,  a  protocol  of  a  sample  experiment,  illustrates 
this  source  of  error.  This  experiment  seems  to  indicate  that  desoxycorticosterone 
acetate,  progesterone,  stilbesterol  and  possibly  estrone  significantly  increased  dye 
accumulation,  but  that  estradiol,  estradiol  dipropionate  and  estradiol  benzoate  were 
without  such  effect.  However,  it  was  impossible  consistently  to  confirm  such  results. 
The  source  of  the  error  became  apparent  when  the  effect  of  time  of  dye  injection  was 
studied  on  the  dye  accumulation  produced  by  sesame  oil  alone.  These  results  are 
shown  in  table  4.  It  is  evident  that  sesame  oil  alone  produces  dye  accumulation  if  the 
time  interval  before  dye  administration  is  properly  chosen.  However,  this  effect  is 
reversible  and  in  time  disappears.  In  experiments  involving  numerous  intracutaneous 
injections,  a  considerable  interval  of  time  may  elapse  from  the  time  of  the  first  injection 
to  the  last.  Depending  on  the  character  of  the  vehicle,  this  may  or  may  not  be  suf' 
ficient  time  to  allow  for  nonspecific  effects  of  the  vehicle  on  the  capillaries  to  wear  off. 
It  is  clear  from  the  data  in  table  3  that  sesame  oil  injected  at  one  period  is  not  an 


Table  5.  Effect  of  intracutaneous  injection  of  hormones  on  dye  accumulation  in  the  skin 


Area 

Substance  Tested, 
in  Sesame  Oil 

Minutes  Before  Dye 
Injected  Intravenously 

Dye 

Accumulation 

1 

None 

30 

0 

2 

Estradiol 

28 

0 

3 

Estradiol  benzoate 

26 

0  to  ? 

4 

Estradiol  dipropionate 

23 

0  to  + 

5 

Estrone 

20 

+ 

6 

Desoxycorticosterone  acetate 

16 

++ 

7 

Progesterone 

13 

++ 

8 

Stilbesterol 

11 

++++ 

9 

Stilbesterol 

8  ^ 

++++ 

Volume  JO 


604  OSCAR  HECHTER,  LEON  KROHN  AND  JOSEPH  HARRIS 


Table  4.  Effect  of  time  of  dye  injection  upon  dye  accumulation  produced  by  sesame  oil  in  rat  skin 


Area 

Substance 

Minutes  Before 
Intravenous  Dye  Injection 

Dye 

Accumulation 

1 

JO 

0 

1 

00 

?  to  + 

i 

0. 1  cc.  Sesame  oil  in  all  cases 

10 

+++ 

4 

5 

++++ 

5 

0 

++++ 

6 

0 

++++ 

adequate  control  for  stilbesterol  injected  20  minutes  later.  To  rule  out  this  possible 
source  of  error,  intracutaneous  injections  of  the  control  solution  were  made  first  and 
then  repeated  last,  allowing  30  minutes  to  elapse  before  dye  was  injected.  Using  this 
modification,  consistent  reproducible  effects  were  obtained.  These  ‘artifact’  accumu- 
lations  of  dye  may  also  be  produced  with  saline  in  rat  skin.  However,  this  effect  dis' 
appears  in  approximately  ten  minutes.  No  explanation  at  this  moment  is  advanced 
for  the  reversible  capillary-permeability  responses  observed  with  these  apparently 
nonirritating  solutions.  Capillaries  in  the  skin  of  rabbits  likewise  show  a  similar 
qualitative  response  to  these  stimuli,  but  to  a  lesser  degree.  The  data  on  the  effect  of 
estrogens  dissolved  in  different  vehicles  are  shown  in  table  5.  In  confirmation  of  the 
results  obtained  by  using  the  ‘whole  animal  technic,’  it  was  consistently  found  that 
the  concentrations  of  estrogens  used  were  without  effect  on  trypan  blue  accumulation. 
Under  the  conditions  mentioned  the  control  vehicles,  sesame  oil,  saline  and  saline 
gehtine  did  not  produce  trypan  blue  accumulation,  the  coloration  of  these  control 
injected  areas  remaining  the  same  as  the  surrounding  tissue.  The  addition  of  slight 
amounts  of  an  irritant  such  as  xylol  to  these  vehicles  regularly  produced  dye  accumula' 
tion,  thus  demonstrating  that  these  vehicles,  per  se,  had  no  inhibitory  activity  on 
dye  accumulation. 

Effect  of  estrogen  on  dye  fixation.  Breis  of  uteri  and  vaginae  from  estrogen'treated 
and  nontreated  rats  and  rabbits  were  prepared  and  treated  with  trypan  blue.  The 
residues  obtained  after  repeated  washing  and  centrifugation  contained  approximately 


Table  5.  Effect  of  estrogens  on  dye  accumulation  in  rat  and  rabbit  skin 


No. 

of 

rabbits 

Vehicle 

Concentration 

1 

Dye  accumula' 
tion  as  compared 
to  control 

00 

00 

Estradiol  benzoate 

Sesame  oil 

10,000  R.U./CC. 

0  in  all  cases 

? 

IT 

Estradiol 

Salinei 

aoOMg./cc. 

0  in  all  cases 

10 

00 

Estradiol 

Saline  containing 
1%  gelatin* 

aoo  Mg  /cc. 

0  in  all  cases 

? 

10 

Estrone 

Peanut  oil 

0.  T  mg./cc. 

0  in  all  cases 

0 

5 

Estradiol  dipropionate 

Sesame  oil 

i;.omg./cc. 

0  in  all  cases 

0 

10 

Stilbesterol 

Sesame  oil 

i.o  mg./cc. 

0  in  all  cases 

‘  The  estradiol  suspensions  were  prepared  as  follows:  Weighed  amounts  of  crystalline  estradiol  were 
dissolved  in  a  minimum  amount  of  abmlute  alcohol.  The  alcoholic  solution  of  estradiol  was  then  added 
drop  by  drop  either  to  boiline  saline  or  to  a  boiling  solution  of  1  per  cent  gelatin  in  saline.  Heating  was 
continued  until  all  traces  of  alcohol  had  been  removed,  whereupon  the  flask  containing  the  mixture  was 
immediately  plunged  into  an  icebath  and  allowed  to  stand  for  i  hour.  Such  estradiol  suspensions  were 
then  made  up  to  volume  by  addition  of  the  appropriate  vehicle.  The  procedure  described  above  yields  a 
fairly  homogeneous  suspension  of  estradiol  in  gelatin  saline.  The  estradiol  suspension  in  saline  was  not 
nearly  as  homogeneous,  but  appeared  to  be  satisfactory  after  prolonged  shaking.  The  control  solutions  of 
gelatin-saline  and  saline  were  taken  through  the  procedure  described  above  with  the  exception  that  the 
alcoholic  solution  added  did  not  contain  estradiol. 
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the  same  amount  of  bound  dye.  Examination  of  the  effect  of  estrogen  on  the  binding 
of  trypan  blue  in  vitro  by  liver,  kidney  and  brain  likewise  revealed  no  hormonal  in- 
fluence  on  this  reaction.  This  finding  indicates  that  the  trypan  blue  accumulation  pro- 
duced  by  estrogen  in  the  uterus  and  vagina  can  not  be  the  result  of  estrogen  action 
increasing  the  degree  of  dye  fixation. 

Effea  of  estrogen  on  intravascular  dye.  Microscopic  study  of  uterine  and  vaginal 
sections  cut  at  40  to  50  microns  and  faintly  counterstained  with  dilute  solutions  of 
eosin  in  xylol  revealed  that  estrogen^treated  uteri  and  vaginae  had  approximately  the 
same  amount  of  intravascular  dye  as  that  seen  in  tissues  of  castrate  controls.  This 


Table  6.  Effect  of  various  steroids  injected  subcutaneously  on  dye  accumulation 

IN  UTERUS  AND  VAGINA 


No.  of 
Rats 

Steroid  | 

Dose, 

mg. 

Time  of  Exam.  After 
ist  Injection,  hr. 

Results 

8 

5 

6 

Dye  accumulation 

8 

Progesterone 

5 

14 

Dye  accumulation 

10 

1 

6 

No  effect 

10 

,  I 

14 

No  effect 

6 

5 

6 

Slight  dye  accumulation 

6 

Desoxycortico' 

10 

6 

Marked  dye  accumulation 

6 

sterone  acetate 

1 

6 

No  effect 

6 

5 

^4 

Slight  dye  accumulation 

9 

10 

24 

Marked  dye  accumulation 

7 

1 

14 

No  effect 

6 

1 

6 

No  effect 

6 

Testosterone 

1 

14 

No  effect 

6 

dipropionate 

5 

14 

Dye  accumulation 

6 

5 

14 

Dye  accumulation 

6 

10 

14 

Dye  accumulation 

10 

5 

6 

No  effect 

8 

10 

6 

No  effect 

8 

Cholesterol 

15 

6 

No  effect 

8 

5 

14 

No  effect 

8 

10 

14 

No  effect 

8 

15 

14 

No  effect 

finding  was  confirmed  by  the  observation  that  most  of  the  dye  within  blue  uteri  was 
not  extractable  by  saline  or  water,  which  presumably  would  be  the  case  if  the  dye 
were  present  in  the  vascular  channels  and  not  bound  to  tissue  protein. 

Effea  of  estrogen  on  capillary  permeability.  Estrogen  produced  trypan  blue  accumu- 
lation  specifically  in  the  uterus  and  vagina.  This  dye  accumulation  does  not  appear 
to  result  from  the  effect  of  the  hormone  on  either  dye  fixation,  or  upon  the  amount  of 
intravascular  trypan  blue.  It  therefore  appears  that  the  increased  dye  accumulation 
observed  is  referable  to  the  action  of  estrogen  upon  the  permeability  of  the  capillaries 
of  uterus  and  vagina.  The  absence  of  like  findings  in  other  tissues  indicates  that  this 
capillary  permeability  activity  of  estrogens  is  strictly  limited  to  the  genital  tract. 

Mechanism  of  estrogen  oaion  on  capillary  permeability  in  the  uterus.  The  results 
described  seem  to  indicate  that  the  effect  of  estrogen  on  capillary  permeability  is 
specific  for  the  uterus  and  vagina.  It  was  felt  that  investigation  of  the  mechanism  by 
which  estrogen  increases  uterine  capillary  permeability  might  explain  the  observed 
specificity,  and  possibly  lead  to  recognition  of  abnormal  conditions  under  which  phys' 
iological  doses  of  estrogen  affect  capillary  permeability  in  tissues  other  than  uterus 
and  vagina. 
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Estrogen  could  produce  its  characteristic  action  on  capillary  permeability  by 
acting  on  the  uterus  either  directly,  or  indirectly  through  the  mediation  of  some  other 
gland  or  organ.  To  differentiate  between  these  two  possibilities  the  following  ex- 
periment  was  performed  on  6  castrated  rats.  The  two  horns  of  the  rat  uterus  were 
exposed  under  avertin  anesthesia.  Estradiol  benzoate,  0.02  cc.  (10,000  r.u./cc.),  was 
injected  into  the  lumen  of  one  horn,  and  a  ligature  placed  around  the  uterus  (without 
occluding  the  uterine  vessels)  to  prevent  leakage  through  the  point  of  injection,  or 
drainage  through  the  cervix.  The  other  horn  was  injected  with  an  equivalent  amount 
of  sesame  oil  and  treated  in  similar  fashion,  after  which  procedure  the  abdomen  was 
closed.  Five  and  one-half  hours  after  the  uterine  injections,  the  animals  received  in¬ 
jections  of  trypan  blue  through  the  tail  vein  and  the  uteri  were  examined  30  minutes 
later.  Five  of  the  6  animals  treated  in  such  feshion  had  significantly  greater  dye  ac¬ 
cumulation  in  the  hormone-treated  horn  than  in  the  control  horn.  The  single  excep¬ 
tion  had  both  horns  markedly  stained  to  about  the  same  extent.  However,  this  ex- 


Table  7.  Effect  of  progesterone,  desoxycorticosterone  acetate  and  testosterone  dipropionate  on 

DYE  ACCUMULATION  IN  RAT  AND  RABBIT  SKIN 


No.  of 
rabbits 

No.  of 
rats 

Hormone  in 

Sesame  Oil 

Concentration, 

mg./cc. 

Dye  Accumulation  as 
Compared  to  Control 

20 

20 

Progesterone 

5 

Negative  in  all  cases 

20 

20 

Desoxycorticosterone 

5 

Negative  in  all  cases 

acetate 

8 

10 

Testosterone  dipro- 

5 

Negative  in  all  cases 

pionate 

10 

20 

Estrone  plus 

0.5 

progesterone 

a-5 

Negative  in  all  cases 

10 

20 

Estradiol  plus 

o.y 

Negative  in  all  cases 

progesterone 

2-5 

ception  could  be  satisfactorily  explained  as  due  to  leakage  of  hormone  through  a  rup¬ 
tured  horn.  TTiese  experiments  conclusively  demonstrated  that  estrogen  may  act 
directly  on  the  uterus,  and  does  not  require  the  mediation  of  any  other  gland  or 
tissue. 

The  next  point  investigated  dealt  with  the  problem  of  whether  the  estrogen 
molecule  or  some  intermediary  substance  produced  by  estrogen  in  the  uterus  and 
vagina  is  responsible  for  the  increased  capillary  permeability.  Attempts  to  extract  a 
specific  principle  with  salt  or  aqueous  solutions  from  the  uteri  of  estrogen-treated 
rats  or  rabbits  have  to  date  been  unsuccessful.  However,  these  negative  experiments 
are  not  crucial  and  thus  the  question  remains  open. 

Effect  of  progesterone,  testosterone  dipropionate,  and  desoxycorticosterone  onfcapiP 
lary  permeability.  The  effect  of  progesterone,  desoxycorticosterone,  testosterone  di¬ 
propionate  and  cholesterol  on  generalized  dye  accumulation  are  shown  in  table  6. 
The  data  on  the  effects  of  these  hormones  on  dye  accumulation  in  skin  are  given  in 
table  7.  It  will  be  seen  that  these  hormones,  in  i  mg.  doses,  are  without  effect  on  dye 
accumulation.  However,  if  the  dose  of  progesterone,  desoxycorticosterone  acetate 
and  testosterone  dipropionate  is  increased  to  5  mg.,  it  is  evident  that  these  steroids 
cause  an  increased  dye  accumulation  in  the  uterus  and  vagina.  As  is  the  case  with 
estrogens,  these  steroids  are  without  effect  on  other  tissues.  The  experiments  with 
cholesterol  illustrate  that  this  hormonal  steroid  action  is,  nevertheless,  of  some 
specificity,  since  cholesterol  itself  had  no  activity.  The  dye  accumulation  produced  in 
uterus  and  vagina  appears  to  be  due  to  the  action  of  the  hormones  on  the  permeability 
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of  the  capillaries  of  uterus  and  vagina,  since  these  hormones  were  without  effect  on 
the  degree  of  dye  fixation  determined  in  vitro,  or  upon  the  amount  of  intravascular 
blue  as  determined  microscopically. 

In  table  8  are  the  data  on  the  wet  weight  of  uteri  obtained  24  hours  after  hormone  ] 

administration.  It  will  be  seen  that  in  all  cases,  the  wet  weight  of  the  uterus  increased 
significantly. 

DISCUSSION  I 

Our  results  clearly  demonstrate  that  each  of  the  steroid  hormones  tested  increases 
the  permeability  of  the  capillaries  of  uterus  and  vagina,  but  these  appear  to  be  without 
significant  effect  on  the  porosity  of  the  capillary  membranes  of  other  tissues.  Although 
this  change  in  capillary  permeability  appears  to  follow  administration  of  all  of  the 


Table  8.  Effect  of  steroid  hormones  on  the  wet  weight  of  uteri  from  castrated  24  rats 

HOURS  AFTER  ADMINISTRATION 


No.  of  rats 

Steroid 

Dosage,  mg. 

Wet  Weight,  mg. 

10 

None 

i7±3 

8 

Progesterone 

5 

68±io 

8 

Desoxycorticosterone  acetate 

10 

60+  ly 

9 

Desoxycorticosterone  acetate 

5 

38±6 

6 

Testosterone  dipropionate 

5 

6o±ij 

6 

Cholesterol 

15 

22±5 

Steroid  hormones  tested,  the  amounts  of  hormone  necessary  to  produce  this  reaction 
are  significantly  different.  Thus,  estrogens  in  small  doses  of  10  r.u.  are  effective  while 
the  dosage  requirement  of  progesterone,  desoxycorticosterone  acetate  and  testoster- 
one  dipropionate  appears  to  be  between  i  to  5  mg.  Experiments  in  this  laboratory 
(unpublished  data)  indicate  that  the  small, amount  of  endogenous  estrogen  liberated 
by  the  rat  ovary  is  sufficient  to  increase  the  capillary  permeability  df  uterus  and 
vagina.  No  complete  explanation  for  the  absence  of  specificity  observed  is  at 
present  available.  However,  the  fact  that  desoxycorticosterone  acetate,  testosterone 
dipropionate  and  progesterone  produce  the  capillary  permeability  response  only  in 
large  doses  seems  to  be  important,  in  that  the  possibility  arises  that  these  steroids 
are  metabolized  to  some  common  intermediary  which  is  the  effective  capillary  per- 
meability  factor.  However,  this  speculation  must  await  further  work  on  the  inter- 
mediary  metabolism  of  hormonal  steroids. 

The  finding  that  the  capillary-permeability  activity  of  the  steroid  hormones  is 
restricted  to  the  uterus  and  vagina  specifically  is  without  adequate  explanation  at  this 
moment.  However,  in  view  of  the  varying  degrees  of  permeability  exhibited  by 
capilhries  in  different  parts  of  the  organism,  there  is  no  a  priori  reason  to  expect  all 
capillaries  to  respond  to  a  single  stimulus  in  uniform  fashion.  While  this  work  was  in 
progress.  Freed  and  Lindner  (5)  reported  that  large  doses  (1-5  mg./cc.)  of  desoxy¬ 
corticosterone  acetate,  estrone  and  stilbesterol  suspensions  irregularly  produce  slight 
but  definite  capillary  permeability  effects  in  rabbit  skin,  while  progesterone  induced 
more  consistent  and  definite  concentrations  of  trypan  blue.  We  have  been  unable  to 
confirm  these  findings.  No  complete  explanation  for  the  differences  in  our  results  is 
available,  although  it  may  be  pointed  out  that  different  hormone  concentrations  and 
vehicles  were  used,  and  that  the  conditions  of  the  experiments  differed  in  that  Freed 
and  Lindner  injected  the  dye  10  to  20  minutes  after  the  intracutaneous  hormone  in¬ 
jections  were  made.  Recalling  the  results  recorded  in  tables  3  and  4,  this  technical 
difference  in  the  time  interval  between  intradermal  injections  and  dye  administration 
may  be  important. 
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It  is  entirely  possible  that  with  the  use  of  a  rehned  quantitative  technic  for  evalu- 
ating  capillary  permeability  effects  the  steroid  hormones  may  be  shown  to  produce 
effects  on  capillary  permeability  in  extragenital  tissues.  Our  results  however,  suggest 
that  such  possible  findings  will  be  of  small  quantitative  magnitude  and  of  limited 
physiological  significance.  The  possibility  remains  that  steroid  hormones  significantly 
increase  capillary  permeability  under  conditions  as  yet  unknown,  in  which  the  action 
of  hormonal  steroids  is  influenced  by  other  fectors  important  for  the  maintenance  of 
capillary  membranes.  The  observations  of  Thom  and  Emerson  (6)  seem  to  be  im- 
portant  in  this  regard  since  their  studies  indicate  that  the  sex  hormones  may  act  as  a 
precipitating  factor  in  the  production  of  generahzed  edema  in  patients  with  some 
underlying  change  which  predisposes  to  increased  salt  and  water  retention. 

SUMMARY 

Estrogens  as  well  as  progesterone,  testosterone  dipropionate  and  desoxycorti' 
costerone  acetate  produce  a  relatively  specific  increase  in  the  permeability  of  the 
capillaries  of  the  rat  uterus  and  vagina.  Quantitative  differences  exist,  however,  in 
the  amounts  of  hormone  required  to  produce  this  capillary  permeabihty  response, 
relatively  large  amounts  of  desoxycorticosterone  acetate,  progesterone  and  testoster- 
one  being  required  to  simulate  the  effects  of  small  amounts  of  estrogens.  The  ad- 
ministration  of  relatively  large  doses  of  these  steroids  is  without  significant  effect 
upon  the  capillaries  of  other  tissues.  Investigation  of  the  mechanism  by  which  estro- 
gen  affects  the  uterine  capillaries  revealed  that  the  hormone  acts  directly  upon  the 
uterus  and  does  not  require  the  mediation  of  other  tissues.  The  relationship  of  these 
findings  to  uterine  and  extrauterine  fluid  accumulation  is  discussed. 

The  honnoncs  used  in  this  work  were  supplied  through  the  courtesy  of  Dr.  G.  Stragnell  of  The 
Schering  Corporation,  Bloomfield,  N.  J. 

We  wish  to  express  our  appreciation  to  Mr.  R.  Mousain  for  technical  assistance. 
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ACTION  OF  PROLACTIN  AND  ESTRONE  ON  WEIGHTS 
OF  REPRODUCTIVE  ORGANS  AND  VISCERA  OF  THE 

COCKEREL' 

W.  R.  BRENEMAN2 

From  the  Waterman  Institute  and  Department  of  Zoology,  Indiana  University 

BLOOMINGTON,  INDIANA 

IT  HAS  BEEN  DEMONSTRATED  by  Riddle  and  his  co'workers  (i)  that  prolactin  must  be 
considered  to  have  two  effects  in  addition  to  its  primary  function  in  the  initiation 
of  milk  secretion,  namely,  that  it  is  effective  in  the  suppression  of  the  gonads 
and  produces  a  very  marked  splanchnomegaly.  Schooley  (2)  has  suggested  that  these 
effects  are  in  part  mediated  through  the  pituitary  gland  because  he  observed  a  de- 
crease  in  number  of  basophiUc  cells  in  the  anterior  lobe  of  treated  pigeons.  This  ob' 
servation  has  been  confirmed  for  the  chick  by  Payne  (3).  Both  investigators  further 
consider  the  possibility  that  the  prolactin  principle  is  elaborated  by  the  acidophilic 
cells  of  the  pituitary  which  are  numerous  in  the  treated  animals. 

The  physiological  effects  of  estrone  appear  to  be  similar  in  many  respects  to  those 
of  prolactin.  A  considerable  suppression  of  the  testes  has  been  reported  following  es¬ 
trone  administration  (4,  5).  The  effect  of  estrogenic  substances  on  the  liver  and  on 
blood  lipins  has  likewise  indicated  that  the  ovarian  principle  must  have  a  very  im¬ 
portant  role  in  nutrition  (6). 

A  detailed  study  has  been  made  of  the  endocrine  physiology  of  the  White  Leg¬ 
horn  chick  in  this  laboratory  for  several  years  (7,  8)  and  an  independent  study  of  the 
pituitary  by  Dr.  Femandus  Payne  has  been  in  progress.  It  has  been  possible  to  repro¬ 
duce  in  the  chick  many  of  the  results  of  prolactin  treatment  reported  by  Riddle  and 
his  co-workers.  The  pituitary  studies  have  also  aided  considerably  in  the  interpreta¬ 
tion  of  the  physiological  results,  especially  in  light  of  the  rather  striking  response  of 
the  birds  to  prolactin  and  estrone  treatment. 

MATERIAL  AND  METHODS 

Single-comb  White  Leghorn  chicks  were  used  in  these  experiments  and  whenever 
possible,  control  series  were  run  with  the  experimental  animab.  This  was  considered 
advisable  because  previous  work  demonstrated  that  modification  of  the  nutrition  of 
the  animals  resulted  in  marked  changes  in  the  growth  of  endocrine  glands  and  viscera. 
Experimental  series  which  have  been  designated  as  ‘normal  diet’  received  food  at  all 
times;  those  referred  to  as  ‘limited  diet’  were  given  mash  only  on  alternate  days. 
After  about  the  nth  or  12th  day,  the  feeding  periods  were  further  reduced  to  only  a 
few  hours  on  the  days  when  food  was  available.  All  chicks  were  without  food  for  12 
hours  previous  to  autopsy. 

Received  for  publication  January  31, 1942. 
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The  estrogenic  substances  were  administered  in  o.i  cc.  volumes  of  sesame  oil 
daily  and  the  prolactin  in  the  same  amount  of  water.®  An  anterior  pituitary  extract 
(table  3)  was  prepared  from  acetone^desiccated  hog  pituitary  glands  by  the  method 
of  Fevold  et  al.  (9)  and  injections  of  this  preparation  were  made  on  the  basis  of  milli' 
grams  equivalent  of  the  original  pituitary  powder.  All  injections  were  made  subcu' 
taneously.  Weights  in  the  tables  are  expressed  as  percentages  of  body  weight  with 
the  exception  of  the  intestine  length,  which  is  on  the  basis  of  centimeters  per  100 
grams  of  body  weight.  The  use  of  percentages  rather  than  actual  weights  has  been 
discussed  previously  and  it  can  be  further  stated  that  more  recent  data  support  the 
observation  that  correction  for  body  weight  results  in  greater  reliability  of  measure¬ 
ment. 


RESULTS  AND  DISCUSSION 


The  administration  of  estrone  and  prolactin  to  normal-diet  chicks,  previous  to  the 
2oth  day  of  age  (table  i)  clearly  demonstrates  that  splanchnomegaly  will  occur  and 

Table  i.  Response  of  oo-day-old  normal-diet  cockerels  to  estrone  and  prolactin 


Treatment 

No. 

Weight, 

gm. 

Comb 

Gonad 

Adrenal 

j  Thyroid 

creas 

Liver 

Wt.  1  Length 

Estrone  3rd  to  19 

100  I.U.,  daily 
500  I.U.,  daily 
1000  I.U.,  daily 

th  day 

14 

14 

11 

iiy.y 

119.9 

110.8 

.0400 

•03JI 

.0298 

.0165 

.0123 

.0145 

.0186 

.0199 

.0210 

.00596 

.00590 

•00557 

.556 

.583 

.656 

J-J9 

J-6o 

.426 

6.09  74.6 
5.70  69.9 

7.66  88.9 

Prolactin  3rd  to  19th  day 


2  u,  daily 

14 

132.8  j 

.0904 

.0263 

.0185 

.00581 

.556 

3-62 

5-51  1 

61.8 

5  u,  daily 

12 

146.1 

.0878 

.0222 

.0174 

.00624 

•  539 

3-47 

5-14 

!  56.7 

Untreated 

Ckwitrols 

1 

15  1 

175.2 

.1640 

I  -0303 

.0149 

.00532 

.441  1 

2.83 

1  3-89 

50.4 

Organ  weights  expressed  as  percentages  of  body  weight,  except  for  the  length  of  the  intestine  which 
is  expressed  as  centimeters  per  100  gm.  of  body  weight. 


that  testis  growth  and  androgen  secretion  will  be  inhibited.  Estrone  proved  to  be  the 
more  effective  in  both  respects  within  the  range  of  hormone  treatment.  The  comb  of 
the  chicks  in  the  series  given  100  i.u.  of  estrone  daily  was  only  24.4  per  cent  of  the  con¬ 
trol  weight  and  in  the  1000  i.u.  group  only  18.1  per  cent  of  the  normal  average.  The 
decrease  is  in  no  way  proportional  to  the  amount  of  hormone  and  it  must  be  concluded 
that  the  greater  portion  of  the  androgenic  activity  of  the  gonads  has  been  eliminated 
by  the  100  units  of  estrone.  The  same  relative  effect  is  true  for  the  testis  weights,  al¬ 
though  the  series  are  more  variable.  The  maximum  decrease  in  gonad  weight  oc¬ 
curred  in  the  500-unit  series  in  which  the  experimental  animals’  testes  were  only 
40.6  per  cent  of  the  normal  weight  average.  The  relatively  small  number  of  animals 
does  not  admit  detailed  comparison  between  the  various  experimental  series,  but  the 
very  marked  decrease  from  the  controls  in  all  three  series  is  significant.  The  adrenal 
weights  were  heavier  in  the  estrone-treated  birds  than  in  the  controls,  in  proportion 


*  The  estrone  and  prolactin  preparations  used  in  these  experiments  were  supplied  by  the  Difco 
Laboratories,  Inc.,  Detroit,  Michigan. 
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to  body  weight.  Weights  became  progressively  greater  as  the  dosage  was  increased, 
and  in  the  looo'unit  group,  reached  a  maximum  of  40.9  per  cent  more  than  the  ad¬ 
renal  weights  of  the  untreated  birds.  The  thyroid  weights,  on  the  contrary,  were  not 
appreciably  greater  than  those  of  the  controls  and  the  differences  do  not  appear  to  be 
significant. 

The  most  striking  variations  from  the  normal  occurred  in  the  weights  of  pancreas, 
liver,  intestine  and  in  intestine  length.  The  pancreas  average  in  the  1000-unit  series 
was  approximately  50  per  cent  greater  than  in  the  control  and  in  the  same  experiment 
the  intestine  weight  was  almost  100  per  cent  more  than  that  of  the  untreated  group. 
Liver  weights,  hkewise,  showed  significant  increases,  although  the  percentage  incre¬ 
ment  was  not  as  great  as  in  the  other  organs.  The  length  and  weight  of  the  alimentary 
canal  of  the  500-i.u.  series  was  actually  slightly  less  than  in  the  loo-unit  group,  but 
still  exceeded  the  values  for  the  control  by  a  significant  amount. 

These  data  show  that  there  has  been  an  inhibition  of  the  gonads  both  in  their 
growth  and  secretory  activity.  The  inhibition  undoubtedly  has  operated  through  the 
pituitary  gland,  probably  by  suppressing  the  basophilic  cells.  Payne  (3)  reported  that 
there  is  almost  complete  loss  of  basophiles  in  the  pituitary  glands  of  these  chicks,  but 
that  the  acidophiles  are  numerous  and  apparently  normal.  The  marked  development 
of  the  viscera  in  these  experiments  supports  the  suggestion  which  has  been  advanced 
that  the  acidophilic  cells  are  concerned  with  the  elaboration  of  substances  which  pro¬ 
mote  the  growth  of  such  structures.  This  interpretation,  however,  has  been  chal¬ 
lenged  recently  (10). 

The  results  of  prolactin  injection  are  especially  suggestive  when  compared  with 
the  estrone  effects.  Comb  growth  was  again  suppressed,  though  not  to  such  a  marked 
degree,  being  reduced  to  53.5  per  cent  of  the  normal.  Since  the  testis  weights  were 
again  lower,  73.3  per  cent  of  those  of  the  controls,  the  evidence  is  that  the  effect  on 
the  comb  is  probably  secondary  through  the  inhibition  of  androgenic  activity  of  the 
gonads.  Adrenal  weights  were  slightly  greater  than  in  the  controls  and  the  thyroids 
were  heavier.  This  point  will  be  considered  further  in  consideration  of  the  data  on  the 
limited-diet  chicks.  Pancreas,  liver,  intestine  weight  and  length  were  also  greater  than 
in  the  controls,  although  here  again  the  responses  were  somewhat  less  than  in  the 
estrone  series,  with  an  average  net  increment  of  slightly  over  20  per  cent. 

The  question  is  raised  immediately  concerning  how  much  of  the  effectiveness  of 
prolactin  is  due  to  its  direct  action  and  how  much  is  a  secondary  effect  through  the 
pituitary.  Payne  has  demonstrated  that  the  basophiles  are  reduced  in  number  but 
that  the  acidophiles  are  not  affected  in  the  prolactin  series.  The  meager  number  of 
basophiles  and  the  decreased  gonad  weight  is,  therefore,  comparable  to  the  picture 
in  the  estrone  series  and  further  supports  the  idea  that  the  basophiles  secrete  some 
gonadotropic  principle  or  principles.  The  maintenance  of  the  acidophiles  may  mean 
that  the  visceral  growth  in  the  chicks  is  both  direct,  as  a  result  of  injection  of  pro¬ 
lactin,  and  secondary  through  the  elaboration  of  this  hormone  by  the  acidophilic  cells. 
A  complete  analysis  of  this  problem  should  be  made  on  the  hypophysectomized  chick. 
Some  additional  information  on  this  particular  point  can  be  gained,  however,  by  a 
study  of  the  action  of  estrone  and  prolactin  in  the  limited-diet  chicks  as  shown  in 
table  2.  Such  birds,  in  many  respects,  are  pseudo-hypophysectomized  (12).  It  seems 
obvious,  however,  that  the  effect  of  the  prolactin  on  the  anterior  pituitary  is  less 
than  that  of  estrone  at  the  dosages  used  in  these  experiments. 

The  limitation  of  food  intake  has  been  shown  to  deplete  the  number  of  basophiles 
in  the  pituitary  but  not  to  alter  appreciably  the  number  of  acidophiles.  Payne  has 
remarked  upon  the  similarity  of  this  to  the  action  of  estrone  on  the  anterior  lobe  of 
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normal'diet  chicks.  An  obvious  physiological  similarity  can  also  be  observed  by  com' 
paring  the  data  on  the  limited-diet  control  chicks  of  table  2  with  those  on  the  100  i.u. 
estrone'injected  birds  of  table  i.  There  are  some  differences  in  the  results;  the  pan- 
creas  weight  and  intestine  length  were  somewhat  greater  in  the  limited'diet  chicks, 
and  the  adrenals  were  also  heavier.  All  the  data,  however,  show  the  same  type  of  re' 
sponse,  namely,  an  increase  in  visceral  weights  and  a  decrease  in  the  weight  averages 
of  comb  and  gonads.  The  results  are  especially  noteworthy  in  spite  of  the  observed 
differences  because  there  is  almost  a  100  per  cent  difference  in  the  body  weights  of  the 
two  series. 

Estrone  injection  into  the  animals  on  a  reduced  diet  is  interesting  for  two  reasons; 
first  there  is  a  further  suppression  of  comb  and  gonads,  and,  second,  the  visceral 


Table  2.  Response  of  oO'Dayold  umiteD'Diet  cockerels  to  estrone  and  prolactin 


Treatment 

No. 

Body 

Wei^t, 

gm. 

Comb 

Gonad 

Adre- 

nal 

Thy' 

roid 

Pan' 

creas 

Liver 

Intestine  ! 

Wt.  iLength  j 

Estrone,  3rd  to  i 

100  I.U.,  daily 
500  I.U.,  daily 

^th  day 

II 

14 

76.7 

76.7 

.0261 

.0261 

.0117 

.0117 

.0204 

.0204 

.00562 

.00540 

.590 

•597 

J.ai 

3-ia 

5-5a 

5.56 

94-5 

91.2 

Prolactin,  3rd  to 

2  u,  daily 

5  u,  daily 

10  u,  daily 

19th  da 

ai 

16 

30 

y 

77.6 

80.1 

74-? 

.0387 

.0397 

•OJ59 

.0210 

.0177 

.0159 

.0212 

.0174 

.0248 

.00634 

.00601 

.00678 

•637 

.670 

•653 

4.38 

3.50 

4-17 

5.62 

5.81 

6.06 

94.8 

88.0 

97.1 

Untreated 

Controls 

39 

68.1 

.0356 

.0196 

.0228 

.00527 

.707 

463 

6.j6 

104.5 

Organ  weights  expressed  as  percentages  of  body  weight  except  for  the  length  of  the  intestine  which 
is  expressed  as  centimeters  per  100  gm.  of  body  weight. 


weights  are  lower  than  in  the  control  limited'diet  chicks.  It  is  evident  that  the  entire 
amount  of  gonadotropic  hormone  was  not  depleted  by  the  hmitation  of  diet,  but  it  is 
also  obvious  that  100  i.u.  of  estrone  was  just  as  effective  as  500  i.u.  in  inhibiting  the 
further  secretion.  Both  dosage  levels  reduced  the  gonads  to  73  per  cent  of  the  normal 
average.  Attention  should  be  called  to  the  most  remarkable  similarity  of  the  data  in 
the  two  estrone  series.  The  results  are  identical  for  body,  comb,  gonad,  and  adrenal 
weights,  and  differ  only  slightly  for  the  remaining  organs.  The  coincidence  is  even 
more  significant  when  it  is  realized  that  the  number  of  animals  used  in  these  series 
was  not  great  and  that  the  number  was  not  the  same  in  the  two  series.  These  data 
speak  in  a  convincing  fashion  for  the  value  of  the  chick  as  an  experimental  form.  Dr. 
Payne’s  cytological  study  (3)  showed  that  the  few  remaining  basophiles  to  be  found 
in  the  pituitary  of  the  limited'diet  chicks  were  eliminated  by  the  estrone  treatment 
and  that  the  gland  was  smaller  than  in  the  limited'diet  control.  It  is  somewhat  puZ' 
zling  to  note  that  the  visceral  weights  are  lower  than  in  the  uninjected  limited'diet 
animals,  but  it  is  possible  that  the  reduced  pituitary  size  will  account  for  this  decrease. 
The  following  suggestion  seems  plausible  as  a  working  hypothesis.  If  limitation  of  diet 
has  already  stimulated  the  acidophiles  to  maximum  productivity,  these  cells  may  be 
incapable  of  assuming  the  increased  burden  of  secretion  necessary  to  compensate  for 
a  decreased  number  in  a  smaller  gbnd.  This  suggests  that  the  acidophilic  cells  are 
also  influenced  by  the  treatment  and  will,  therefore,  present  a  problem  for  further 
study.  Fortunately  the  data  in  the  prolactin  series  give  further  information  on  this 
problem. 


April,  1941 


PROLACTIN  AND  ESTRONE  EFFECTS  IN  COCKS 


61J 

Comb  growth  and  gonad  weights  in  the  chicks  which  received  prolactin  differed 
only  slightly  from  those  in  the  injected  hmited-diet  series.  Daily  injection  of  10  units 
of  prolactin  did  decrease  the  gonad  weights,  but  not  as  much  as  did  estrone.  This 
series  also  had  the  lowest  comb  weight,  although  it  was  comparable  to  the  comb 
average  for  >he  untreated  dieted  birds.  It  must  be  concluded  that  prolactin  has  no 
direct  effect  on  the  comb,  but  acts  secondarily  through  the  gonads  and  may  differ  in 
that  respect  from  estrone.  This  point  will  be  considered  in  detail  in  a  subsequent 
paper.  The  response  of  the  adrenal  is  too  variable  to  permit  any  conclusion  except  that 
in  the  limited'diet  animals  prolactin  had  little  effect.  The  response  of  the  thyroid 
gland,  however,  presents  a  different  problem  because  it  was  heavier  in  all  of  the  pro' 


Table  3.  Response  of  ly  and  30'DAY'Old  limited-diet  cockerels  to  estrone  and  anterior 

PITUITARY  EXTRACT 


Treatment 

1 

No.  j 

Body  j 
Weight, 
gm. 

Comb 

1 

Gonad 

Adre¬ 

nal 

1  Thy¬ 
roid 

Pan' 

creas 

Liver 

Intestine 

Wt.  1  Length 

15-DAY-OLD  LIMITED-DIET  COCKERELS 

Anterior  pituitary  extract,  3rd  to  14th  day 

5  mg.  equivalent]  14  |  50.1  |  .0960  |  .0395  j  .0247  |  .00818  |  .652  j  3.46  | 

7.26  j 

140.  I 

Estrone,  3rd  to  14th  da; 
25  I.U.,  daily  |  10  | 

f 

65.6  ] 

.0409  1 

.0189  1 

.0204  1 

1  1 

J.85 

6.70  ] 

115-3 

Untreated 

Controls 

51 

61.2 

.0391 

.0260 

.0190 

.00431 

.656 

S-74 

6.01 

120.9 

30-DAY-OLD  LIMITED-DIET  COCKERELS 

Anterior  pituitary  extract,  3rd  to  29th  day 

5  mg.  equivalent]  12  ]  102.8  ]  .3985  ]  .0331  ]  .0231  j  .00712  |  .605 

1  3-49 

1  5-79 

1  85.7 

Untreated 

Controls 

a? 

158.9 

.  1480 

]  .0321 

1  .0176 

•00733 

.615 

3.68 

4-71 

91.5 

Organ  weights  expressed  as  percentages  of  body  weight  except  for  the  length  of  the  intestine  which 
is  expressed  as  centimeters  per  100  gm.  of  body  weight. 


lactin  series,  especially  at  the  10  unit  dosage  level.  This  may  mean  that  the  prepara' 
tion  is  contaminated  with  a  thyrotropic  principle  and  it  should  be  recalled  that  an  in¬ 
crease  in  thyroid  weight  was  observed  in  the  5-unit  normal-diet  group  (table  i).  The 
presence  of  a  thyrotropic  principle  in  the  preparation  seems  questionable,  however, 
chiefly  on  the  basis  of  the  degree  of  response.  Daily  treatment  with  2  units  resulted 
in  a  thyroid  average  of  .00634, 10  units  produced  thyroids  with  a  mean  of  .00678,  and 
the  intermediate  5  unit  treatment  produced  less  effect  than  either.  Therefore,  within 
the  range  of  dosage,  there  is  no  uniformity  of  response  nor  any  indication  of  a  direct 
ratio  between  the  amount  of  prolactin  injected  and  the  si?e  of  the  thyroid.  It 
would  appear  to  be  more  logical  to  assume  that  the  thyroid  ghnd  is  being  affected 
secondarily  as  a  result  of  altered  endocrine  balance  and  nutritional  state. 

The  weights  of  the  pancreas,  liver,  and  intestine  of  the  prolactin-injected  chicks 
were  without  exception  heavier  than  those  of  the  estrone-treated  birds,  but  were 
somewhat  lower  than  in  the  control.  Since  the  pituitary  cytology  is  similar  to  that 
in  the  estrone  series,  the  interpretation  advanced  for  the  estrone  results  seems  prob¬ 
able.  If,  as  was  suggested,  there  is  some  decrease  either  in  number  or  activity  of  the 
acidophiles  this  would  deplete  the  endogenous  hormone  produced  by  these  cells.  The 
lack  of  this  principle  (or  principles)  would  be  partially  compensated  for  in  the  pro- 
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lactin  series  by  the  action  of  the  exogenous  hormone.  This  explanation  appears  reas' 
onable  and  it  is  hoped  that  a  physiological  study  of  the  pituitary  glands  from  these 
and  similar  series  will  furnish  direct  evidence  on  this  point. 

Two  additional  experimental  groups  were  studied  in  which  one  group  received 
a  pituitary  extract  having  gonadotropic  effect,  as  a  check  against  prolactin  and  a  seC' 
ond  series  was  administered  smaller  amounts  of  estrone.  These  data  are  recorded  in 
table  3.  In  order  to  avoid  as  far  as  possible  the  effect  of  the  animal’s  own  pituitary, 
limited'diet  chicks  were  used. 

Those  birds  which  were  given  the  pituitary  extract  showed  a  marked  increase  in 
comb  weights  on  both  the  15th  and  30th  days.  There  was  a  decided  comb  increment 
between  15  and  30  days.  The  net  increase  in  the  comb  of  the  older  birds  exceeded  that 
of  the  untreated  by  about  170  per  cent.  The  gonads  at  30  days,  however,  were  not 
appreciably  heavier  than  in  the  controls.  This  is  a  good  illustration  of  an  increase  in 
physiological  activity  without  a  corresponding  increase  in  weight  of  a  gland  and  is 
similar  to  the  observations  made  for  the  normal  untreated  birds  (7)  where  it  was  noted 
that  androgen  secretion  was  frequently  not  proportional  to  testis  si^e. 

Adrenal  glands  were  heavier  than  in  the  controls  in  both  age  groups,  indicating 
that  the  preparation  contained  some  adrenotropic  principle.  On  the  other  hand,  the 
thyroid  weight  exceeds  that  in  the  untreated  chicks  at  15  days  by  almost  exactly 
90  per  cent  but  is  slightly  less  than  the  control  weight  average  at  30  days.  The  possi' 
bihty  that  the  chicks  develop  an  antagonism  to  the  thyrotropic  principle  is  suggested 
and  this  has  some  confirmation  in  the  similar  response  of  the  gonads  in  which  the  in' 
crement  at  15  days  had  disappeared  at  the  30th  day.  There  has  not  been  any  other 
evidence  of  hormone  antagonism  in  the  birds,  however,  and  these  observations  must 
must  be  greatly  extended  before  this  explanation  can  be  considered  to  be  satisfactory. 

No  significant  deviation  from  the  normal  average  was  observed  in  either  the  pan- 
creas  or  liver  weights,  but  there  is  some  indication  that  the  intestine  growth  was 
stimulated.  Since  the  preparation  was  a  whole  pituitary  extract  it  is  probably  safe  to 
conclude  that  some  prolactin  was  present,  although  small  in  amount,  and  hkewise 
thyrotropic  and  adrenotropic  fractions  were  apparently  contained  in  the  extract  as 
was  noted  above. 

One  series  of  birds  was  given  25  i.u.  of  estrone  daily  and  the  animals  killed  at  15 
days.  The  most  striking  result  of  this  treatment  was  the  gonad-comb  response.  Testis 
weights  were  lowered  very  substantially,  but  comb  weight  was  not  significantly 
different  from  that  in  the  untreated  chicks.  It  is  possible  that  there  is  still  a  small 
amount  of  androgen  being  secreted  at  this  time  or  that  the  comb  size  in  these  two 
groups  is  representative  of  non-hormonal  growth  similar  to  that  which  may  be  ob¬ 
served  in  capons.  With  the  possible  exception  of  the  adrenals  none  of  the  weights 
of  the  other  organs  differed  significantly  from  those  in  the  controls.  These  results, 
therefore,  are  unlike  those  in  the  20-day  series  which  received  higher  dosages  of  es¬ 
trone.  The  25  I.u.  of  estrone  apparently  was  not  sufficiently  high  to  bring  about  the 
suppressions  of  visceral  weights  observed  in  table  2.  It  is  hoped  that  these  variable 
responses  will  make  it  possible  to  analyze  the  pituitary  changes  and  to  determine 
more  definitely  the  secretory  activity  of  the  different  cell  types.  It  seems  logical  to 
expect  that  in  this  instance  the  25  i.u.  dosage  did  not  produce  any  appreciable  in¬ 
hibition  of  the  acidophilic  cells  or  diminution  of  gland  size. 

SUMMARY 

The  injection  of  estrone  and  prolactin  into  single-comb  White  Leghorn  chicks 
inhibited  comb  and  gonad  growth.  This  effect  was  more  marked  in  normal-diet  than- 
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in  limited'diet  chicks.  The  higher  dosages  of  estrone,  500  and  1000  i.u.  daily,  pro¬ 
duced  an  increase  in  the  weight  and  length  of  alimentary  canal,  weight  of  the  liver 
and  pancreas,  and  an  increase  in  the  adrenal  weight.  The  administration  of  2  and  5  u 
of  prolactin  also  caused  an  increase  in  the  viscera  but  to  a  lesser  degree.  Limited-diet 
cockerels  which  received  estrone  had  gonads  and  combs  which  were  smaller  than 
those  of  the  limited-diet  controls.  Prolactin,  however,  did  not  affect  the  comb  and  the 
testes  were  reduced  in  size  only  in  the  5  and  10  u  series.  Visceral  weights  in  the  Hm- 
ited'diet  injected  chicks  were  lower  than  in  the  controls,  but  those  of  the  prolactin 
series  averaged  shghtly  heavier  than  the  estrone  group.  Administration  of  whole  pi¬ 
tuitary  extract  into  limited-diet  chicks  stimulated  comb  and  gonad  growth  and  also 
had  some  effect  on  viscera.  Injection  of  25  i.u.  of  estrone  inhibited  gonad  growth  in 
limited-diet  birds,  but  had  no  effect  on  visceral  weight. 

There  is  a  correlation  between  the  pituitary  cytology  and  the  hormone  treatment 
inasmuch  as  independent  study  (Payne)  has  demonstrated  a  regression  of  the  baso- 
philes  in  estrone  and  prolactin-treated  chicks  as  well  as  in  the  Umited-diet  birds.  The 
acidophiles  of  the  pituitary  were  shown  to  be  numerous  and  probably  httle  affected 
except  perhaps  by  very  rigorous  treatment. 
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TOXICITY  OF  SALINE  UTERINE  EXTRACTS  FROM  RAB^ 
BITS  DURING  PREGNANCY,  PSEUDOPREGNANCY  AND 
AFTER  CORPUS  LUTEUM  HORMONE 
ADMINISTRATION' 


BORIS  KRICHESKY  and  JEANNE  MAHLER 
From  the  Department  of  Zoology,  University  of  California 

LOS  ANGELES,  CALIFORNIA 

IN  PREVIOUS  COMMUNICATIONS  (i,  2,  j)  it  was  reported  that  saline  extracts  of  rabbit 
uteri  from  animals  immediately  post  partum  contain  a  histaminedike  substance 
which  is  fatally  toxic  when  injected  intravenously  into  males  or  females  of  the 
same  species.  Similar  extracts  prepared  from  liver,  muscle  or  uteri  from  nonpregnant 
animals  and  administered  in  the  same  way  were  not  toxic.  It  was  further  reported 
(4)  that  saline  uterine  extracts  from  estrogen-treated  nonpregnant  rabbits  also  con' 
tain  this  factor.  The  present  report  concerns  further  investigations  on  the  presence 
of  this  toxic  substance  in  the  uteri  of  rabbits  during  pregnancy,  pseudopregnancy 
and  after  corpus  luteum  hormone  administration. 


MATERIALS  AND  METHODS 

A  total  of  108  rabbits  were  used  in  this  study;  48  young  adult  females  providing 
uteri  for  extraction  and  60  animals  weighing  between  2.5  and  4.0  kg.,  including  both 


Table 

I.  Toxicity  of  saline 

UTERINE  EXTRACTS 

FROM  THE  PREGNANT 

RABBIT 

Day  of 
Pregnancy 

No.  of 

Extracts 

No.  of  test 
Animals 

Av.  Vol. 
Injected,  cc. 

Remarks 

2 

2 

2 

1-3 

Toxic 

4 

2 

2 

0.8 

Toxic 

6 

I 

1 

1.2 

Toxic 

10 

1 

2 

1-4 

Toxic 

13 

1 

I 

1.9 

Toxic 

t9 

1 

2 

1? 

Toxic 

13 

1 

1 

4-4 

Toxic 

29 

I 

2 

4.0 

Toxic 

Control 

4 

4 

10. 0 

Nontoxic 

sexes,  serving  as  test  animals.  These  were  divided  into  4  groups  as  follows.  Group  i 
served  as  controls;  4  untreated,  non  pregnant,  young  adult  females  provided  uteri  for 
extraction  and  the  extract  was  then  tested  on  4  animals.  Group  2  were  used  to  deter¬ 
mine  the  earliest  appearance  of  the  toxic  factor  during  pregnancy;  10  females  were 
mated  and  then  were  killed  at  selected  intervals  during  pregnancy.  Their  uteri  were 
removed,  extracted,  and  tested  on  1 3  animals.  Group  3  served  to  ascertain  the  pres¬ 
ence  or  absence  of  the  toxic  factor  during  pseudopregnancy;  29  animals  were  given 

Received  for  publication  January  19,  194a. 

^  Aided  by  a  grant  from  the  Board  of  Research,  University  of  CaUfomia. 
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intravenous  injections  of  0.2  to  0.5  cc.  of  chorionic  gonadotropin.*  At  selected  inter¬ 
vals  they  were  killed,  the  uteri  removed,  extracted,  and  tested  on  34  animals.  Group 
4.  To  find  if  the  corpus  luteum  hormone  is  involved  in  the  mobilization  or  production 
of  the  toxic  substance  in  the  uterus,  5  young  adult  females  were  ovariectomized  and 
then  given  a  corpus  luteum  preparation*  intramuscularly  in  5  equal  daily  doses.  Three 
days  after  the  hst  injections  the  uteri  were  removed,  extracted  and  tested  on  9  ani¬ 
mals. 

All  extracts  were  prepared  according  to  the  method  described  previously  (2), 
each  cc.  of  final  extract  representing  0.5  gm.  of  fresh  uterine  tissue.*  A  maximum 
intravenous  dose  of  10  cc.  was  arbitrarily  chosen  as  the  standard  of  toxicity;  extracts 
failing  to  cause  death  of  test  animals  within  a  few  minutes  after  administration  of  this 
amount  were  considered  nontoxic. 

RESULTS  AND  CONCLUSIONS 

Group  I.  In  the  case  of  the  control  experiment  all  four  extracts  prepared  from 
nonpregnant  uteri  proved  to  be  nontoxic  (see  table  i),  confirming  the  results  of  pre¬ 
vious  communications  (i,  2). 

Group  2.  The  data  in  table  i  indicate  that  the  toxic  substance  appears  in  the  uterus 
as  early  as  2  days  after  mating  and  persists  throughout  the  period  of  gestation.  Its 
presence  was  not  restricted  to  the  uterus  immediately  post  partum  in  which  it  was 
originally  demonstrated  by  Krichesky  and  Pollock  (i). 

Although  no  quantitative  data  were  sought  it  is  interesting  to  note  that  the  vol¬ 
ume  of  extract  required  to  cause  death  in  test  animals  was  greater  in  those  extracts 
prepared  from  uteri  after  the  19th  day  of  pregnancy  than  from  similar  uterine  ex¬ 
tracts  earlier  in  pregnancy.  This  suggests  that  the  corpus  luteum  hormone  may  be 
temporally  related  to  the  appearance  of  the  toxic  uterine  substance  since  several  in¬ 
vestigators  (5,  6,  7)  have  suggested  that  in  the  rabbit  the  corpus  luteum  of  pregnancy 
begins  to  degenerate  at  approximately  20  days  post  coitum.  It  is  probable  that  the 
persistence  of  toxicity  of  extracts  of  uteri  from  the  last  third  of  the  gestation  period 
may  be  due  to  the  progesterone  produced  in  the  placenta  (8,  9). 

Group  3.  The  toxic  substance  was  present  in  uteri  one  day  after  induction  of 
pseudopregnancy  and  persisted  until  approximately  the  16th  or  17th  day  (table  2). 
Here  again  the  presence  of  the  toxic  substance  appears  to  be  temporally  related  to  the 
presence  of  functional  corpora  lutea.  The  disappearance  of  the  toxic  material  from 
pseudopregnant  uteri  coincides  with  the  time  usually  accepted  for  the  degeneration 
of  the  corpora  lutea  of  pseudopregnancy.  Furthermore,  this  experiment  indicates  that 
the  presence  of  a  conceptus  is  not  related  to  the  presence  of  the  toxic  substance. 

Group  4.  The  relation  between  the  presence  of  the  toxic  factor  during  pregnancy 
and  pseudopregnancy,  and  the  presence  of  functional  corpora  lutea  suggests  that 
progesterone  may  be  involved  in  the  production  or  mobiUzation  of  the  toxic  material 
in  rabbit  uteri.  The  data  in  table  3  indicate  this  to  be  the  case  since  uterine  extracts  from 
ovariectomized  animals  treated  with  corpus  luteum  hormone  are  extremely  toxic. 
In  a  previous  communication  (4)  it  was  reported  that  normal  (intact)  nonpregnant 
rabbits  injected  with  estrogens  also  exhibited  the  toxic  substance  in  their  uteri.  It  is 
probable  that  the  large  doses  of  estrogens  administered  may  have  stimulated  the  pro- 


•  The  chorionic  gonadotropin  (A.  P.  L.)  was  supplied  by  Ayerst,  McKenna  and  Harrison,  Rouses 
Point,  N.  Y. 

•  The  corpus  luteum  preparation  (Lipo-lutin)  was  supplied  by  Parke,  Davis  and  Ckimpany,  Detroit, 
Michigan. 

•  Uterine  contents,  including  placentae,  were  removed  before  extraction. 
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Table  i.  Toxicity  of  saune  uterine  extracts  from  the  fseudopregnant  rabbit 


Day  of 

No.  of 

No.  of  Test 

Av.  Vol. 

Remarks 

Pscudopregnancy 

Extracts 

Animals 

Injected,  cc. 

I 

I 

1 

4-1 

Toxic 

2 

3 

3 

3-6‘ 

Toxic* 

j 

2 

3 

I.  I 

Toxic 

4 

1 

2 

1-3 

Toxic 

6 

1 

I 

0.7 

Toxic 

8 

1 

1 

1-4 

Toxic 

10 

I 

I 

0.4 

Toxic 

12 

2 

2 

0-3 

Toxic 

14 

3 

4 

4-9 

Toxic  to  3  animals, 
nontoxic  to  i 

15 

2 

3 

6.5 

Toxic 

16 

3 

4 

4.8 

Toxic  to  3  animals, 
nontoxic  to  i 

17 

3 

3 

10. 0 

Nontoxic 

19 

3 

3 

10. 0 

Non  toxic 

20 

2 

2 

10. 0 

Nontoxic 

21 

1 

I 

10. 0 

Non  toxic 

‘  One  of  the  5  test  animals  received  6  cc.  extract,  exhibited  convulsions,  but  did  not  succumb. 


Table  3.  Toxicity  of  saline  uterine  extracts  from  ovariectomized  rabbits  treated  for  ^  days  with 

CORPUS  LUTEUM  EXTRACT 


Daily  Dose, 
mg. 

Total  Dose, 
mg. 

No.  of 
Extracts 

No.  of  Test 
Animals 

Av.  Vol. 
Injected,  cc. 

Remarks 

0.3 

i.y 

I 

2 

1.0 

Toxic 

0.5 

1-5 

2 

3 

0.6 

Toxic 

I.O 

5.0 

I 

2 

2. 1 

Toxic 

2.0 

10. 0 

1 

2 

1-7 

Toxic 

duction  of  progesterone  in  the  ovaries  thereby  bringing  about  the  accumulation  or 
production  of  the  toxic  factor  in  the  uteri  of  these  animals. 

SUMMARY 

By  the  standards  employed,  saline  extracts  of  rabbit  uteri  contain  a  toxic  substance 
from  the  second  day  post  coitum  throughout  the  period  of  gestation. 

Uteri  from  pseudopregnant  rabbits  contain  the  toxic  substance  as  early  as  24 
hours  after  induction  of  pseudopregnancy  and  until  approximately  the  17th  day. 

Uteri  from  ovariectomized  animals  treated  with  corpus  luteum  hormone  also  con- 
tain  the  toxic  substance. 

It  is  suggested  that  functional  corpora  liitea  are  temporally  associated  with  the 
presence  of  the  toxic  uterine  factor  and  that  the  corpus  luteum  hormone  is  responsible 
for  its  production  or  accumulation. 
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EFFECT  OF  PROGESTERONE  ON  THE  OVARIES 
AND  EMBRYOS  OF  MICE  IN  EARLY  PREGNANCY^-^ 


H.  O.  BURDICK 

From  the  Department  of  Biology,  Alfred  University 

ALFRED,  NEW  YORK 

SELYE  (i)  HAS  REPORTED  that  fivc  daily  injections  of  one  mg.  of  progesterone  in 
normal  cyclic  mice  caused  involution  of  the  corpora  lutea,  but  that  eight  daily 
injections  of  i  mg.  during  the  second  half  of  pregnancy  had  no  detectable  ad' 
verse  effects  on  the  corpora  lutea  of  gestation,  or  on  the  progress  of  pregnancy.  Deliv' 
ery  and  lactation  were  not  prevented  by  these  doses.®  Meanwhile,  we  have  shown 
(2)  that  early  embryos  of  mice  implant  and  continue  to  develop  during  a  series  of  in¬ 
jections  of  desoxycorticosterone  acetate  begun  the  second  day  after  mating,  but  that 
they  die  soon  after  the  cessation  of  injections.  Therefore  it  was  thought  advisable  to 
determine  whether  or  not  the  chemically  allied  corpus  luteum  hormone,  progesterone, 
under  the  same  experimental  conditions,  would  similarly  affect  the  progress  of  early 
pregnancy. 

PROCEDURE 

First,  a  series  of  female  mice  received  not  more  than  two  daily  subcutaneous  in¬ 
jections  of  o.i  or  0.2  mg.  of  progesterone,  beginning  the  day  of  mating,  to  determine 
whether  or  not  this  amount  of  progesterone  had  a  deleterious  effect  on  either  the  cor¬ 
pora  lutea  or  the  developing  ova.  Autopsies  were  performed  either  on  the  day  follow¬ 
ing  the  last  injection  or  were  delayed  i  to  4  days. 

Another  series  of  mated  females  was  similarly  injected  with  i  mg.  of  progesterone 
on  the  day  of  mating  and  thereafter  with  i  mg.  twice  daily.  Three  animals  (mice  ii,  12 
13)  were  injected  only  once  daily  with  i  mg.  Three  other  animals,  in  a  delayed-injec- 
tion  series,  were  treated  with  1.5  mg.  twice  on  the  second  day  and  thereafter  with  i.o 
mg.  twice  daily.  Autopsies  were  delayed  as  shown  in  table  i. 

Results  with  o.i  and  0.2  mg.  of  progesterone  begun  the  day  of  mating.  That  these 
injections  of  progesterone,  when  begun  early  on  the  day  of  mating,  can  prevent  im¬ 
plantation  is  shown  by  the  fact  that  one  collapsed  blastocyst  was  recovered  from 
mouse  3  132  hours  after  detection  of  the  vaginal  plug.  This  animal  was  autopsied  99 
hours  after  the  last  injection.  Its  actively  contractile  uterus  indicated  the  absence  of 
the  corpus  luteum  hormone.  Failure  to  implant  is  further  supported  by  the  condition 
found  in  mouse  8,  autopsied  100  hours  after  the  last  of  two  injections.  Estrus  had  re¬ 
turned  and  ovulation  had  actually  taken  place.  Nine  ova  with  granulosa  cells  were 
found  in  the  ampullae. 

Received  for  publication  February  21,  1942. 

‘  These  experiments  were  supported,  in  part,  by  a  grant  from  the  Committee  on  Scientific  Research 
of  the  American  Medical  Association. 

*  The  progesterone  (Proluton)  was  supplied  by  Doctors  Erwin  Schwenk  and  Gregory  Stragnell  of 
Sobering  Corp.,  Bloomfield,  N.  J. 

*  Just  as  this  paper  was  finished  Starkey  and  Leathern  also  reported  (Am.  J.  Physiol.  155:  567.  1942) 
that  injections  of  0.2  j  mg.  of  progesterone  appeared  to  hasten  the  involution  of  corpora  lutea  in  unmated 
mice.  It  would  seem  that  this  dosage  was  insufficient  to  prevent  cyclic  ovulation  because  several  of 
their  animals  showed  recent  corpora  lutea. 
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Table  i.  Effect  of  progesterone  in  early  pregnancy  in  mice 


Mouse 

Number 

Treatment,* 
mg.  per  day 

Autopsy* 

Total 

Amount,  mg. 

Corpora 

Lutea 

Embryos 

1 

0.  i/-/A 

0. 1 

Not  very  pink 

4-6  Celled 

2 

0.  i/o.  i/A 

56 

0.2 

Large,  but  not 

4-6  Celled 

vascular 

3 

0.  i/o.  I/-/-/-/A 

132 

Corpora  albi- 

Collapsed  blastocysts 

cantia 

in  uterus 

4 

0.2/-/ A 

52 

0.2 

Good 

8-Celled 

5 

0.2/0.2/A 

55 

0.4 

Pink 

2-4  Celled 

6 

0.2/0.2/A 

61 

0.4 

Pink 

8-Celled 

7 

0.2/0. 2/-/ A 

83 

0.4 

Prominent,  pink 

Blastocysts  in  uterus 

8 

0.2/0. 1/-/-/-/A 

133 

O.J 

Hard  to  distin- 

No  blastocysts  found; 

guish;  ovula¬ 
tion  cones 

9  ova  with  granu¬ 
losa  cells  in  ampul¬ 
lae 

Animals  injected  unth  1.0  mg.  or 

i.y  mg.  twice  daily  except  where  indicated 

9 

-/i/i/i/i/i/ 

6  days 

11.0 

Corpora  albi- 

Small  beads  in  uterus 

i/i/i/i/i/i/A 

cantic 

10 

Same  as  for  9;  no  injec- 

14  days 

11.0 

Corpora  albi- 

I  Bifurcated  blasto- 

tions  9  days 

cantia 

cyst;  uterus  long, 
quiescent 

11 

i/i/i/i/i/;  no  injec- 

17  days 

y.o 

2  Mushroomed 

No  implants,  possibly 

tions  ij  days 

corpora  albi- 

remnant  of  an  em- 

cantia;  small 

bryo;  uterus  long. 

corpora  albi¬ 
cantia 

thin 

12 

Same  as  for  1 1 

17  days 

y.o 

None 

No  embryos 

15 

Same  as  for  1 1 

17  days 

y.o 

None 

No  embryos 

14 

/1.5/1/1/1/1 

8  days 

11.0 

Ovary  small. 

No  eggs  or  embryos 

-/1.5/1/1/1/1/-/-/A 

colorless 

Same  as  for  14;  except 

13  days 

11. 0 

Ovary  small. 

Macerated  brown  em- 

autopsy  delayed  8  days 

colorless 

bryos,  some  de- 

tached;  uterus  long, 
thread-like 

16 

Same  as  for  1 5 

IJ  days 

11.0 

Irregular  corp. 

Same  as  in  mouse  ly 

alb.  deeply 
imbedded 

*  A,  autopsy;  no  injections. 

*  Hours  after  detection  of  the  vaginal  plug. 


These  effects  on  the  embryos  and  uterus  are  accompanied  by  changes  in  the  micro- 
scopic  appearance  of  the  corpora  lutea.  No  radical  vascular  regression  was  noted  up 
,  to  83  hours  after  detection  of  the  vaginal  plug.  However,  in  those  animals  autopsied 

I  approximately  100  hours  after  the  last  injection,  only  corpora  albicantia  were  found 

in  the  one,  and  in  the  other  which  had  ovulated,  the  corpora  albicantia  (representing 
{  the  corpora  lutea  formed  at  the  time  of  mating)  had  practically  disappeared. 

]  Results  ivith  injections  of  i.o  mg.  of  progesterone  begun  the  day  of  mating.  One  ani¬ 

mal,  mouse  9,  had  the  uterus  beaded  with  embryos.  Implantation  was  effected,  prob- 
I  ably  because  the  first  injection  had  been  delayed  too  many  hours  after  detection  of  the 

vaginal  plug  (2).  In  mouse  10,  a  degenerate  bifurcated  blastocyst  was  flushed  from  the 
uterus.  This  is  more  evidence  that  implantation  can  be  prevented  if  the  injections  of 
progesterone  closely  follow  ovulation  and  mating.  The  presence  of  this  degenerate 
blastocyst  14  days  after  mating  parallels  the  condition  in  desoxycorticosterone  ace¬ 
tate-treated  mice,  in  which  blastocysts  were  flushed  from  uteri  11  days  after  mating. 

In  no  instance  were  normal  vascular  corpora  lutea  of  pregnancy  discovered.  Two 
;  animals,  mice  ro  and  ii,  had  several  corpora  albicantia  extending  from  the  ovarian 

surface  like  mushrooms.  Since  this  type  of  corpora  lutea  is  frequently  observed  in 
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normal  animals,  they  are  probably  not  the  result  of  these  experimental  conditions. 
This  protrusion  from  the  surface  of  the  ovary  probably  retards  their  resorption. 

The  uteri  of  these  animals  are  definitely  influenced  by  the  progesterone,  es' 
pecially  in  the  period  following  the  cessation  of  injections.  In  mice  ii  to  13,  injected 
5  or  6  days,  the  uteri  were  long,  thread-like  and  quiescent  when  examined  9  to  13 
days  after  the  last  injection.  These  conditions  are  in  sharp  contrast  to  those  following 
the  injections  of  o.i  mg.  and  0.2  mg.  of  progesterone. 

In  another  group  of  animals,  two  injections  of  1.5  mg.  of  progesterone  were  admin¬ 
istered  on  the  second  day  after  detection  of  the  vaginal  plug  after  which  the  animals 
received  the  same  treatment  as  the  preceding  group.  One  and  one-half  mg.  of  pro¬ 
gesterone  was  injected  in  an  attempt  to  nullify  the  increased  action  of  estrogen  occur¬ 
ring  on  the  second  day.  Since  two  animals  had  macerated  embryos,  it  is  probable  that 
this  amount  of  progesterone  on  the  second  day  was  either  insufficient  to  over-ride  the 
estrogen  present  or  administered  too  late  to  prevent  the  priming  action  of  estrogen  on 
the  uterus.  The  delayed  injection  of  progesterone  may  simply  add  to  the  progesta¬ 
tional  effect  of  the  animals’  own  corpora  lutea,  thus  insuring  implantation. 

A  different  picture  is  found,  however,  after  the  injections  have  been  withheld  for 
several  days.  The  embryos  had  died  some  time  between  the  last  day  of  the  injections 
and  the  time  of  autopsy  8  days  later.  That  these  embryos  did  not  die  before  the  last 
injection  was  evident  by  their  size.  The  embryos  were  dark  brown  in  color,  macerated 
and  frequently  detached  from  the  uterus.  The  uteri  were  long  and  thin,  like  those  in 
the  preceding  series  and  in  marked  contrast  to  normal  tracts  with  living  embryos.  The 
ovaries  were  small  and  pale  with  small  corpora  albican tia. 

DISCUSSION 

The  significant  facts  derived  from  these  experiments  are  that  implantation  is  pre¬ 
vented  in  mice  treated  with  progesterone  soon  after  mating;  embryos  implant  if  in¬ 
jections  are  delayed  until  the  second  day  after  mating;  progesterone  causes  involution 
of  the  corpora  lutea  of  early  pregnancy,  thus  rendering  the  ovaries  incapable  of  sup¬ 
porting  the  implants;  the  embryos  die  within  a  few  days  after  the  injections  are  dis¬ 
continued.  These  are,  by  and  large,  the  same  conditions  seen  after  injections  of  des- 
oxycorticosterone  acetate  (2). 

Selye’s  summary  (1)  of  the  effects  of  progesterone  on  the  ovary  should  be  carefully 
reviewed  by  those  interested  in  this  problem.  His  experiments  with  mice  in  the  sec¬ 
ond  half  of  pregnancy  showed  that  little  or  no  damage  was  done  to  the  corpora  lutea, 
and  that  parturition  was  normal.  Seyle  suggests  that  the  corpora  lutea  of  pregnancy 
are  probably  maintained  by  a  hormone  of  the  placenta,  since  the  corpora  lutea  in  pro¬ 
gesterone-treated  non-pregnant  mice  undergo  regression.  Because  Robson  (3)  main¬ 
tained  pregnancy  in  the  hypophysectomized  rabbit  by  injections  of  estradiol  benzoate, 
we  assume  that  estrogen  is  the  hormone  which  supports  the  corpora  lutea  of  preg¬ 
nancy.  Some  of  his  animals  were  carried  to  full  term  and  normal  parturition  followed 
2  to  3  days  after  the  last  injection  of  the  estrogen. 

The  fact  that  the  embryos  continue  to  grow  after  implantation  only  when  the 
injections  of  progesterone  are  continued,  indicates  that  the  normal  secretion  of  the 
corpora  lutea  is  insufficient  or  has  stopped  altogether.  This  result  can  be  understood  if 
we  assume  that  the  injected  progesterone  over-rides  or  inhibits  the  production  of 
estrogen  necessary  to  maintain  the  corpora  lutea  of  early  pregnancy.  Subsequently 
withholding  the  external  supply  of  progesterone  causes  death  of  the  fetuses.  This  last 
statement  is  supported  by  the  fact  that  Robson  (4)  was  able  to  continue  pregnancy  in 
mice,  spayed  in  the  later  stages  of  pregnancy,  by  daily  injections  of  i  mg.  of  progester¬ 
one. 


621 


H.  O.  BURDICK 


Volume  JO 


SUMMARY 

The  effects  of  progesterone  injected  during  early  pregnancy  in  the  albino  mouse 
differ  from  those  reported  by  others  for  the  second  half  of  pregnancy. 

Daily  injections  of  i.o  mg.  of  progesterone,  begun  the  day  of  mating,  prevent  im- 
plantation.  On  the  other  hand,  implantation  occurs  if  these  injections  are  delayed  until 
the  second  day  after  mating.  The  embryos  continue  to  grow  during  the  period  of  in- 
jections  but  die  within  a  few  days  after  progesterone  is  withheld.  The  corpora  lutea 
show  dehnite  signs  of  regression.  This  condition  is  probably  due  to  an  inadequate 
supply  of  estrogen. 

These  effects  of  progesterone  on  the  ovary  and  embryos  in  early  pregnancy  are 
similar  to  those  reported  previously  after  injections  of  desoxycorticosterone  acetate. 
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FEMALE  MATING  BEHAVIOR  SHOWN  BY  MALE  MICE  AFTER 
TREATMENT  WITH  DIFFERENT  SUBSTANCES 


Beach*  has  reported  the  occurrence  of  female  mating  behavior  in  male  rats  after  treat' 
ment  with  testosterone  propionate.  He  regards  this  result  as  due  to  bisexuality  rather 
than  to  homosexuality. 

We  have  repeated  these  experiments,  using  mice  instead  of  rats  and  injecting  follicular 
hormone  and  yohimbine  besides  testosterone,  in  order  to  see  whether  it  is  really  a  hormonal 
effect,  or  if  this  reaction  is  rather  to  be  considered  as  an  activity  of  the  nervous  system. 

Male  mice,  4  months  of  age,  were  used  following  the  technique  of  Beach.  The  animals 
were  left  together  with  a  female  in  permanent  estrus  (produced  by  injection  of  a  large  dose 
of  estrone)  and  as  soon  as  these  males  began  to  mount  the  female,  the  latter  was  removed  and 
replaced  by  another  male,  excited  by  the  same  means. 

Three  groups  of  four  animals  each  were  used.  None  of  these  animals  showed  any  ‘female 
mating  behavior’  in  trials  made  before  treatment.  One  group  was  injected  for  7  days  with 
testosterone  propionate,  receiving  a  total  of  2  mg.  of  this  substance.  Two  of  the  4  males 
showed  what  may  be  called  female  mating  behavior,  especially  the  lordosis  and  the  typical 
flight  movements  of  the  female.  All  of  the  4  males  showed  the  tendency  to  persecute  the  other 
male  and  to  mount  him,  as  if  he  had  been  a  female.  It  seems  to  us,  however,  rather  dubious  to 
consider  this  behavior  as  something  like  active  homosexuality,  but  rather  as  fighting  behavior, 
characteristic  for  the  excited  male  in  presence  of  any  other  male  animal  of  the  same  species. 

Four  other  males  were  treated  with  estradiol  bentoate  and  received  0.2  mg.  (1000  int. 
benzoate  units)  each.  The  interest  of  these  animals  in  females  was  reduced  and  they  showed  a 
female  mating  behavior  after  removing  the  female.  They  showed  almost  no  active  interest  in 
persecuting  other  males,  which  circumstance  confirms  the  opinion  that  the  persecution  of 
another  male  after  removal  of  the  female  is  not  a  mating,  but  a  fighting  reaction. 

Four  animals  were  injected  with  an  yohimbine  product.  These  animals  were,  within  a 
short  time  after  the  injection,  very  excited  and  showed,  after  removal  of  the  female,  a  very 
strong  persecution  of  other  males,  and  also  a  remarkable  female  mating  behavior,  especially 
lordosis.  As  the  influence  of  yohimbine  is  due  to  a  local  vasomotor  action,  this  indicates  that 
the  vasodilatation  favors  both  sexual  reactions,  the  male  as  well  as  the  female  mating  pattern. 

This  result  confirms  Beach's  theory  that  it  is  rather  an  excitation  of  the  nervous  (ambiva¬ 
lent)  sexual  reactions,  which  we  observe  as  female  mating  behavior,  and  that  the  animals’ 
nervous  mechanism  is  capable  of  mediating  the  mating  pattern  of  either  sex. 

Our  experiments  confirm  also  the  opinion  of  Beach,  that  the  stimulus  (sex  hormone)  is  a 
selective  factor,  determining  which  type  of  response  will  be  manifested. 

Summary.  Of  four  animals,  treated  with  testosterone  propionate,  female  mating  behavior 
could  be  observed  in  two  animals  after  removal  of  the  female.  After  treatment  with  estradiol 
benzoate  all  of  the  animals  showed  female  mating  behavior  under  the  same  circumstance 
after  treatment  with  yohimbine  male  as  well  as  female  mating  behavior  was  observed. 

Paul  Engel 

Veterinary  School,  }{ational 

University  and  the  Department  of  Biology 

Universidad  Libre  de  Colombia,  Bogota  Colombia 


Received  for  publication  February  14, 1942. 

*  Beach,  F.  A.:  Endocrinology  29:  409.  1941. 
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A  RAPID  MEANS  OF  PREPARING  UNIFORM  TISSUE  SECTIONS 


The  use  of  various  preparations  of  tissues  for  in  vitro  studies  is  increasing  rapidly.  Of 
the  different  preparations  there  seems  to  be  general  agreement  that  tissue  slices  are  the 
most  useful.  There  are  obvious  advantages  to  be  gained  by  the  use  of  uniform  slices 
but  these  are  not  always  easy  to  prepare.  Thomas  and  DeEds*  have  described  an  instrument 
for  the  preparation  of  uniform  tissue  slices  for  respiration  studies.  This  consisted  of  two  razor 
blades  held  apart  by  a  thin  metal  strip,  the  whole  secured  to  a  handle  for  easy  use.  In  our 
hands,  as  in  theirs,  this  cutter  has  been  satisfactory  in  preparing  slices  of  animal  tissues. 

In  a  recently  published  study  of  summated  tissue  metabolism^  the  problem  was  encoun' 
tered  of  preparing  slices  of  several  tissues  from  the  same  animal  in  the  shortest  possible  period 
of  time.  The  usefulness  of  the  Thomas  and  DeEds  slicer  was  limited  by  the  time  necessary  to 
remove  the  piece  of  tissue,  in  an  undamaged  condition,  from  between  the  blades.  It  seemed 
desirable  to  design  a  slicer  operating  on  the  same  principle,  but  with  easily  separable  blades 
which  could  be  returned  to  the  original  cutting  position  after  each  slice  of  tissue  was  made 
and  removed.  The  instrument*  described  in  this  paper  incorporates  this  improvement  and 
has  proved  useful  in  a  variety  of  studies. 

To  obtain  the  long  cutting  edges  most  desirable  in  preparing  thin  slices  of  soft  tissue 
the  slicer  was  designed  to  use  the  double-edged,  21/8  inch  blades  manufactured  by  the 


Durham-Duplex  Co.  A  blade  is  broken  in  two  lengthwise  and  the  resulting  blades  (B  of  fig.  i) 
secured  at  each  end  in  a  holder  cut  from  1/4  inch  brass  stock  to  the  shape  and  dimensions 
illustrated  in  figure  i.  The  ends  of  the  blades  are  gripped  firmly  by  slightly  curved  strips  of 
1/16  inch  monel  metal  (C  of  fig.  i)  fitting  into  an  angled  notch  filed  into  the  holder.  The 
curved  strip  is  brazed  to  a  machine  screw  and  may  be  drawn  tight  by  a  knurled  nut  (D  of 
fig.  1).  If  small  organs  are  to  be  sliced  it  is  sometimes  helpful  to  secure  the  monel  metal  strip 
to  the  holder  by  means  of  a  flat-headed  machine  screw  threaded  into  the  body  of  the  holder. 
This  modification  eliminates  the  knurled  nuts  on  the  outside  of  the  holder  and  aids  in  the 
slicing  but  results  in  a  more  tedious  procedure  in  setting  the  blades. 

Received  for  publication  March  4,  1942. 

‘  Thomas,  J.  O.,  and  F.  DeEdS:  Sciewe  86:  107.  1957. 

*  Field,  John  II,  H.  S.  Belding  and  A.  W.  Martin:  J.  Cell.  &  Comp.  Physiol.  14: 143. 1939. 

•  May  be  obtained  from  Mr.  F.  D.  Banham,  Corporation  Yard,  Stanford  University,  CaUfomia. 
Cost  about  six  dollars. 
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The  two  brass  blade-holders  are  hinged  together  along  the  top  (E  of  fig.  1).  When  the 
cutter  is  fully  closed  the  monel  metal  strips  come  in  contact  thus  setting  the  limit  of  the 
closure.  They  must  be  filed  down  so  that  contact  takes  place  simultaneously  at  each  end  of 
the  cutter  or  the  tissue  sections  may  not  be  of  uniform  thickness. 

As  the  blades  are  held  in  the  cutter  at  an  angle  of  about  8°  from  the  vertical  they  are  fixed 
farther  in  or  out  of  the  holders  to  adjust  the  cut  to  the  desired  thickness.  They  may  be  drawn 
out  until  the  cutting  edges  meet,  or  set  in  to  produce  a  maximum  cut  of  slightly  over  a  milli¬ 
meter.  The  spacing  of  the  blades  may  be  determined  quickly  by  the  use  of  a  microscope  and 
eye-piece  micrometer.  Because  of  the  angle  of  the  blades  and  the  lack  of  perfect  rigidity,  tissue 
slices  prepared  with  this  cutter  prove  thinner  than  the  distance  between  the  blades.  After 
some  experience  with  various  tissues  the  distance  of  the  blades  may  be  used  as  a  ^ir  index  of 
the  thickness  of  the  slices  as  may  be  seen  from  the  data  in  table  i. 


Table  1.  Calculated  thickness  of  rabbit  kidney  slices  compared  with  the 

DISTANCE  BETWEEN  BLADES  OF  THE  TISSUE  SLICER* 


1 

2 

j 

4 

5 

Blade 

Weight  of 

Area  of 

Thickness 

Ratio 

Separation 

Tissue  Slice 

Tissue  Slice 

of  Section 

C0I.1/C0I.4 

mm. 

mg. 

mm.* 

mm. 

0. 17 

16 

200  (est.) 

0.08 

1.  1 

0.26 

JO 

21J 

0.14 

1.9 

0.4a 

n 

2JI 

0.15 

1-7 

0.50 

77 

ajj 

O.JJ 

1-5 

0.60 

81 

111 

0.37 

1.6 

‘  Respiration  trials  showed  that  all  these  slices  were  below  the  limiting  thickness  when  oxygen  was 
used  as  the  gas  phase. 


When  a  number  of  slices  are  cut  from  one  tissue  at  any  single  setting  of  the  blades  they 
prove  quite  uniform  in  thickness.  For  example,  seven  slices  of  rabbit  liver  were  0.24, 0.29, 
0.28,  0.29,  0.29,  0.30  and  0.28  mm.  thick,  respectively,  with  a  mean  thickness  of  0.28  mm. 
and  a  mean  deviation  of  5.4  per  cent.  This  uniformity  is  desirable  in  itself  but  it  also  decreases 
the  time  necessary  for  selecting  and  weighing  the  sections. 

Arthur  W.  Martin 

Department  of  Zoology  and  Physiology  ' 

University  of  Washington 
Seattle,  Washington 


CONSERVATION  OF  SCHOLARLY  JOURNALS 

The  AMERICAN  LIBRARY  AsscxjiATioN  has  Created  a  Committee  on  Aid  to  Libraries  in 
War  Areas,  headed  by  John  R.  Russell,  the  Librarian  of  the  University  of  Rochester. 
The  Committee  is  faced  with  numerous  serious  problems  and  hopes  that  American 
scholars  and  scientists  will  be  of  considerable  aid  in  the  solution  of  one  of  these  problems. 

One  of  the  most  difficult  tasks  in  library  reconstruction  after  the  first  World  War  was 
that  of  completing  foreign  institutional  sets  of  American  scholarly,  scientific,  and  technical 
periodicals.  The  attempt  to  avoid  a  dupb'cation  of  that  situation  is  now  the  concern  of  the 
Committee. 

Many  sets  of  journals  will  be  broken  by  the  financial  inability  of  the  institutions  to  re- 
new  subscriptions.  As  far  as  possible  they  will  be  completed  from  a  stock  of  periodicals  being 
purchased  by  the  Committee.  Many  more  will  have  been  broken  through  mail  difficulties 
and  loss  of  shipments,  while  still  other  sets  will  have  disappeared  in  the  destruction  of  li- 
braries.  The  size  of  the  eventual  demand  is  impossible  to  estimate,  but  requests  received  by 
the  Committee  already  give  evidence  that  it  will  be  enormous. 

With  an  imminent  paper  shortage  attempts  are  being  made  to  collect  old  periodicals  for 
pulp.  Fearing  this  possible  reduction  in  the  already  limited  supply  of  scholarly  and  scientific 
journals,  the  Committee  hopes  to  enhst  the  cooperation  of  subscribers  to  this  journal  in  pre¬ 
venting  the  sacrifice  of  this  type  of  material  to  the  pulp  demand.  It  is  scarcely  necessary  to 
mention  the  appreciation  of  foreign  institutions  and  s^olars  for  this  activity. 

Questions  concerning  the  project  should  be  directed  to  Wayne  M.  Hartwell,  Executive 
Assistant  to  the  Committee  on  Aid  to  Libraries  in  War  Areas,  Rush  Rhees  Library,  Uni¬ 
versity  of  Rochester,  Rochester,  New  York. 
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